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HISTORY OF CANADIAN SURGERY
ALEXANDER RU SSELL MUNROE: 1879-1965
R. A. MACBETH, M.D., F .R .C .S .fC ], F.A .C .S .,0 Edmonton, Alta.

“Here’s a sigh to those who love me,
And a smile to those who hate;
And, whatever sky’s above me,
Here’s a heart for any fate.”1

S u c h runs the notation beside the photo
graph of Alexander Russell Munroe which
appeared in Volume Nine of “Old McGill”
at the time of his graduation in 1906. Sub
sequent events now make it possible for us
to assess how appropriate Lord Byron’s
words in “To Thomas Moore” are, when
applied to Dr. Munroe.
It is always of interest to review the
background of those who achieve distinc
tion since it gives both author and reader
an opportunity for personal assessment of
those influences which may have moulded
or modified a career. It was probably
around 1856 when William Munroe, Dr.
A. R. Munroe’s father, at age 14 travelled
with his father from New York City to
Oxford County in Ontario, where the Mun
roe family took up land. Unfortunately, we
know little of William Munroe during his
youth. He taught school for the greater
part of his life and is recalled as a stimu
lating teacher. His children remember him
as being particularly fond of flowers and
of books. He had, for that day, a sizable
library and the children were encouraged
to use it, the greatest sin in the family
being, however, to deface a book.
William Munroe was a Presbyterian and
one of his favourite phrases, with which
his children were all familiar was, “Be
able to give a reason for the faith that is
in you.”2 Although circumstances in the
Munroe household were modest and money
was a rare commodity, the home was rich
in things of the mind and of the spirit,
so that the children, in later years, mar°From the Department of Surgery, University of
Alberta and University of Alberta Hospital, E d 
monton, Alta.

veiled that their childhood was unassoci
ated with any sensation of poverty.
In 1869 William married Christina MacKay. She brought to her new home a happy
but, at the same time, a forceful person
ality and is remembered as a very attrac
tive young lady. With her family of nine
children, Christina Munroe had little time
for idleness and presided over the Mun
roe household with efficiency. She was am
bitious for her children and with Scottish
tenacity she stimulated her family to ex
cellence in higher education. Two of the
sons became ministers and one, Hugh,
achieved distinction as Moderator of the
General Assembly of the Presbyterian
Church of Canada. Two of the sons be
came doctors, one of whom is the subject
of this paper, while the other, James Gar
field became a general practitioner in
Montreal. The fifth son, Walter, was a
pharmacist. Two of the four girls also
achieved distinction. Fanny Munroe, a
graduate in nursing from the Royal V ic
toria Hospital in Montreal, will be remem
bered as the Assistant Superintendent and
later Superintendent of the Nurses at the
Royal Alexandra Hospital in Edmonton
(1924-1938) and subsequently Director of
Nursing at her own training school (19381949). She was the recipient of the Royal
Red Cross for service overseas in the First
World War and was the 14th President of
the Canadian Nurses’ Association.3 Chris
tina Munroe Simpson also graduated in
nursing from the Royal Victoria Hospital,
a fact that is preserved in the picture of
herself in the operating room assisting Dr.
F. J. Shepherd in W. B. Howell’s book
“Francis John Shepherd— Surgeon”.4
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Fig. 1.—Dr. Alexander Russell Munroe at the
time of his Vice-Presidency of the American Col
lege of Surgeons (1933-1934).
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experiences are wider.” How very true this
prediction proved to be in the case of
Alexander R. Munroe himself!
As was so often true of the young medi
cal graduate of his day Dr. Munroe, di
ploma in hand, looked towards the West,
the land of opportunity, and in 1907 es
tablished himself in Langham, Saskatche
wan as a general practitioner. Langham,
however, had no hospital and offered in
sufficient challenge and, in 1909, Dr. Alex
ander R. Munroe registered to practice in
the then 4-year-old province of Alberta. It
appears that he actually arrived in Edmon
ton early in 1910 and associated himself
with the Edmonton General Hospital,
which had been established by the Grey
Nuns in 1895. The next year, with the
opening of the city-operated Royal Alex
andra Hospital, he expanded his practice
to include both of the general hospitals
then existing in the city. The Misericordia
Hospital had, of course, been opened in
1900 at the urging of Reverend Father Lacombe but at that time functioned only
as a maternity hospital.5
In 1915 an urgent appeal for doctors to
serve in the army came from the United
Kingdom and Dr. Munroe, along with a
number of Canadian doctors, volunteered

Alexander Russell Munroe (Fig. 1) or
‘Alex” as he was known to his family, was
born on April 25, 1879 in Embro near
Woodstock, Ontario, the sixth child in
the family. He attended West Torra public
school and high school in Woodstock. His
early years were unmarked by any out
standing event capable of recall. He was
apparently a typical member of a closely
knit Scottish-Canadian family of modest
means. Reading was his major relaxation
and many were the exciting evenings he
spent exploring Scottish history through the
pages of Scott’s Waverley Novels. This in
terest in history, and also in biography,
was to continue to be a source of reading
pleasure to him throughout his entire life.
Attempts to uncover information regard
ing Dr. Munroe’s sojourn at McGill Uni
versity, as an undergraduate before his
graduation in 1906, have been unreward
ing (Fig. 2). Fie is reputed to have been
a fair, but not an outstanding student who
received solace and inspiration from a
statement attributed to his surgical in
structor, Dr. F. J. Shepherd that: “The Fig. 2.—Dr. A. R. Munroe, Woodstock, Ontario,
successful doctors will not be the medalists, home on holiday from medical school at McGill,
but those further down in the class whose probably between 1904 and 1906.
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Fig. 3.—Dr. A. R. Munroe on leave in England
(1916).

for service. He served first for one year
with the Royal Army Medical Corps in
France attached to the 4th King’s Liver
pool Regiment and the 101st Field Ambu
lance. In September of 1916 he was taken
on strength of the Canadian Army Medical
Corps and, in November of that year, was
posted to the Duchess of Connaught’s
Canadian Red Cross Hospital at Taplow,
England (later to become No. 5 Canadian
General Hospital)0 where he spent the two
years which were to determine the future
course of his life (Fig. 3).
Life in Taplow was full indeed and the
active staff of some 35 medical officers,
under Colonel Jonathan C. Meakins, Offi
cer Commanding Medicine and Lieuten
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ant Colonel F. H. Mewburn, Officer Com
manding Surgery, had ample opportunity
to pursue their surgical education. They
profited too from the weekly visits of their
distinguished consulting staff, Sir William
Osier and Colonel F. G. Finlay in medi
cine, and Sir Arthur W. Mayo-Robson and
Colonel George E. Armstrong in surgery.
After a year in charge of one of the
surgical wards at Taplow, Captain Munroe
was made first assistant to Colonel Mew
burn, under whose direction his acquisi
tion of surgical skills proceeded rapidly
(Fig. 4 ). He formed lasting friendships
with many of his fellow officers, among
them Captain R. M. Janes, later to become
Professor of Surgery at the University of
Toronto, and Captain A. Grant Fleming,
who was later to serve as Dean of Medi
cine at McGill. With these two associates
he published his first paper “Wound Flora
in Relation to Secondary Suture ’.7
On his return from England and his de
mobilization at the close of 1918, Dr. Mun
roe was named surgical specialist to the
Department of Soldiers’ Civil Re-establish
ment and subsequently took up this posi
tion at the Edmonton Military Hospital.
The somewhat-checkered history of this
latter institution probably requires a word
of explanation.8 In February 1914, the city
of Strathcona (later to be amalgamated
with Edmonton) had opened its 84-bed
Strathcona Hospital. However, in Decem
ber of 1916, the medical needs of the Cana
dian Army were such that the hospital was
turned over to the Federal Military Hos
pitals Commission and was called the Ed
monton Military Hospital, and retained that
name when it was subsequently transferred
to the Federal Department of Soldiers’ Civil
Re-establishment (S.C .R .) in May 1919.
Finally, in October 1922, it was turned over
to the University of Alberta as the Univer
sity of Alberta Hospital. The “Soldiers’ An
nex” (later to be referred to as the Wells
Pavilion) was completed the following
year and provided an additional 85 beds
to accommodate patients under the S.C.R.
Thus the final separation of the veteran
and civilian patients was achieved, al
though the close association of the two
components of the present hospital com
plex continues to this day.
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Fig. 4.—The Surgical Staff at Taplow (1917-1918). Captain Munroe is in the second row
(standing), sixth from the left. Lieutenant Colonel F. H. Mewburn, Officer Commanding Surgery, is
in the front row (sitting) third from the left.

Dr. Munroe’s loyalty to his veteran
patients was one of his outstanding at
tributes. From the time of his appointment
as surgical specialist to the S.C.R. in 1919
until his retirement as senior surgical con
sultant to the Department of Veterans’
Affairs (as the S.C.R. was subsequently re
named ) in 1942, the problems, surgical and
otherwise, of his veteran patients were his
major concern. As an example of this con
cern the following story related by Dr.
Munroe is revealing.
Dr. Munroe had been impressed by the
frequency of goitre with hyperthyroidism
among his S.C.R. patients and disturbed
that he was so rarely able to bring himself
to recommend surgery to these unfortunate
individuals because of the prohibitive mor
tality of the procedure. However, in 1927
he came across the paper by Dr. J. de J.
Pemberton of the Mayo Clinic,0 published
the previous year, in which it was demon
strated that thyroid surgery might now be
made safe for virtually all hyperthyroid

patients by the preoperative administra
tion of Lugol’s iodine as introduced at the
Clinic by Dr. Henry Plummer in 1922.
With a decisiveness for which he was
noted, Dr. Munroe immediately determined
to visit Dr. Pemberton and did so, early in
the following year. On his return the bene
fits of the “modern management of exo
phthalmic goiter” were speedily made
available to his veteran patients with the
anticipated marked improvement in re
sults.
It is difficult, at this point in time, to
appreciate the problems that faced an
emerging medical school in western Can
ada half a century ago and assess the guid
ance given by its leaders. In 1913 the
Medical School at the University of Alberta
had opened its doors to 26 students, pro
vided them with three preclinical years
and then sent them off to Toronto or Mont
real to complete their courses.10 It was
not until 1922 that the final two years of
the medical course were offered at the
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University of Alberta and a Department
of Surgery made its first appearance. It is
interesting to note, however, that Dr. Gor
don C. Gray (father of Dr. Gordon C.
Gray, Medical Superintendent of the
Charles Camsell Hospital in Edmonton
and Dr. Owen V. Gray of Toronto) and
Dr. William A. Wilson (father of Dr. Don
ald R. Wilson, Professor of Medicine, Uni
versity of Alberta and Dr. Gordon L. Wil
son of Edmonton) had been added to the
Faculty of Medicine as Lecturer and In
structor in Surgery, respectively, in 1917.
As far as can be determined the entire
personnel of the Department of Surgery in
1922, when the University of Alberta Hos
pital was acquired, consisted of eight doc
tors including Professor F. H. Mewburn,11
Dr. Gordon C. Gray, Dr. William A. Wil
son and Dr. Munroe, as Instructor in Sur
gery.8 The association of Professor Mew
burn and Dr. Munroe at Taplow had been
a close one and now, in this new setting,
Dr. Munroe was able to support “The
Colonel” (as Dr. Mewburn was called) by
integrating his veteran patients into the
surgical undergraduate teaching program.
The path of integration then, as now in
other spheres, was far from popular and
many were the cries raised against the use
of veterans as “teaching material”. How
ever, as in most of the battles he fought,
Dr. Munroe triumphed.
If one now attempts to interpret the past
record certain conclusions appear obvious.
The frontier surgeon, Professor F. H.
Mewburn, had the difficult task, in the
seven years that remained to him, of es
tablishing a clinical department. The army
surgeon and teacher, Dr. Munroe, who suc
ceeded him as Professor of Surgery in 1929,
appears to be the first head of the de
partment who had the time and basic en
thusiasm to give serious thought to the
educational requirements of an undergrad
uate surgical program. He had the advan
tage too of much improved physical facili
ties for, in 1930, the first major addition to
the University Hospital was opened, bring
ing the total bed capacity to 208, exclusive
of the Soldiers’ Annex.
This expansion enabled Dr. Munroe,
with the assistance of Dr. H. C. Jamieson,
Associate Professor of Medicine, to estab
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lish the first “ward rounds”. These rounds,
which occupied the entire morning each
Wednesday and involved going from bed to
bed on the medical and surgical wards,
enjoyed an immediate popularity among
the staff and the final-year students and
soon included half a dozen doctors from
the surrounding towns who were attracted
by the stimulating discussion. Dr. Munroe
is remembered as the central and dominant
figure of these exercises and the breadth of
his knowledge was a never-ending source
of amazement as he contributed to the dis
cussion with equal ease whether the pa
tient suffered from a surgical or medical
condition.
The popularity with which these week
ly ward rounds were accepted by the doc
tors in adjacent communities prompted
Dean A. C. Rankin to investigate the pos
sibility of the medical school providing
some more formalized educational oppor
tunity to doctors practicing in the smaller
towns of northern Alberta. The result was
the first Refresher Course in 1932. The
course lasted a week and attracted 65 regis
trants. Dr. Munroe was an active promoter
and supporter of this first venture in con
tinuing medical education and was direc
tor of the surgical clinics at the annual
courses until he retired from the Depart
ment in 1939. It is interesting to note, in
the program of the ninth Refresher Course
in 1940, that “Board and Room in the Uni
versity Residences can be arranged at
$2.00 per diem.” A quarter of a century
has brought change, if not progress, in this
regard.
One of the outstanding events for the
registrants at the refresher courses was the
invitation to attend the regular monthly
dinner meeting of the Jamieson Medical
History Club. Dr. Munroe was a popular
after-dinner speaker and his talents were
frequently sought after on such occasions.
He was a voracious reader of history and
biography, both medical and non-medical,
and presented his topic with precision,
brevity and wit. Among his personal papers
one finds manuscripts, obviously prepared
for verbal presentation, on such topics as:
“The Practice of Medicine among the
Moors of Spain”, “Surgery of the Four
teenth Century”, “War and the Medical
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Profession”, “Post-Bellum Surgery”, “The
Scalpel and the Sword”, et cetera. Along
with these prepared manuscripts are
voluminous notes of source material which
clearly indicate the hours of painstaking
research that was involved in the prepara
tion of each talk. His preoccupation with
the influence of war on surgical practice is
everywhere apparent and one gets the im
pression that he cherished a hope that he
might some day be able to draw all this
material together in the form of a mono
graph. Unfortunately, the only manuscript
of a biographical or historical nature that
came from his pen and appeared in print
was a short paper dealing with a surgical
giant who caught his fancy as a military
surgeon, Baron Larrey.12 We would all be
the richer had he recorded his vast accumu
lated knowledge in the field of military
medical history.
Dr. Munroe’s contributions to his medi
cal school however extended much fur
ther than his initiation of ward rounds and
refresher courses. Doubtless his army ca
reer and his Scottish tenacity were put to
good use as he defended the position of the
medical faculty in establishing a modest
outpatient clinic against the attack of the
non-university doctors of Edmonton. The
battle was joined both within and outside
the forum of the Edmonton Academy of
Medicine. At various times victory seemed
almost within the grasp of one or other
camp in the see-saw encounter, but no one
who knew Dr. Munroe was ever in doubt
of the final outcome of the engagement. In
the end the establishment and perpetua
tion of the outpatient department was as
sured.
It would be a gross oversimplification,
however, to suggest that the majority of
Dr. Munroe’s problems arose from outside
the “ivory tower”. Virtually all members
of his staff continued to function as family
doctors while doing their own surgery, a
practice that he could not condone in a
university surgeon. It was almost entirely
as a result of his gentle but persistent per
suasion that, by the time of his retirement,
members of his department had largely re
stricted themselves to surgical practice. He
was also a firm believer in surgical speci
alization and, shortly after the opening of
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the 1930 addition to the University Hos
pital, he assigned 10 beds to Dr. Emerson
C. Smith in order to create a Division of
Urological Surgery. At the same time Dr.
F. H. H. Mewburn (son of “The Colonel”)
was given 10 beds exclusively for ortho
pedic surgery. Later a neurosurgical divi
sion with its own beds was established
under Dr. H. H. Hepburn. While Dr. Mun
roe supported and encouraged the devel
opment of what he viewed as legitimate
surgical specialties, he resisted with equal
vigour any encroachment on what he con
sidered to be the domain of the general
surgeon. His own army surgical training
had encompassed the entire spectrum of
operative treatment of disease and he was
as much at ease treating a difficult frac
ture13 or in performing a cranioplasty,14 as
he was working within the abdomen. His
consternation when one of his general
surgical staff voluntarily restricted his prac
tice almost exclusively to thyroid surgery
can, therefore, be readily appreciated and
is attested to by members of the staff dur
ing that period.
While much of his energy was expended
on purely parochial problems, Dr. Munroe
had a vision of the wider sphere of influ
ence and concern that is appropriate to a
university department of surgery. He had,
for some time, cherished the hope that a
western Canadian surgical group might be
organized for the interchange of informa
tion between university teachers of sur
gery. In the middle and late 1930’s, he fre
quently discussed these hopes with a friend
of army days, Dr. J. A. Gunn, the Profes
sor of Surgery at the University of Mani
toba. Dr. Gunn’s retirement and the almostsimultaneous outbreak of The Second
World War postponed the implementation
of their plan, but in Dr. Oliver S. Waugh,
Dr. Gunn’s successor to the Chair of Surg
ery in Manitoba, Dr. Munroe found an
enthusiastic ally. Under their guidance the
first meeting of the Western Association of
Clinical Surgeons was held in Winnipeg in
1941. Suspension of meetings between 1943
and 1946 postponed, until 1948, the oppor
tunity for Dr. Munroe, as President, to
welcome this group to his own university
in Edmonton for their fourth meeting and
thus fulfill the dream he had nurtured for
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many years. The society has, under vari
ous names, flourished since its post-war
rebirth and now constitutes the Western
Division of the Canadian Association of
Clinical Surgeons.
Although Dr. Munroe appears to have
played little role in the early formative
years of the Royal College of Physicians
and Surgeons of Canada, he was a charter
fellow of the Canadian college and served
as a member of the first Council from 1929
to 1933. ir‘ Doubtless the fact that he would
not allow his name to stand for renomina
tion to the Council in 1933 was dictated by
his election to the office of Vice-President
of the American College of Surgeons that
year. He had been active in the American
College since his election to Fellowship in
1920 and, following the Vice-Presidency,
served as a member of the Board of Re
gents from 1934 to 1946. During these
years he acted on numerous American Col
lege committees and is particularly remem
bered for his concern regarding the ac
creditation of applicants for fellowship.
His Edmonton faculty colleagues have vivid
recollections of his frequent trips to Chi
cago on American College business at a
time when commercial air travel was vir
tually unheard of and each trip involved
four days of travel by rail. How he was
able to do all he did without any outward
manifestation of working under pressure
never ceased to amaze them but this he
did, as he did all things, with equanimity.
It came as no surprise to his many friends
when, in 1935, he was awarded the George
V Medal for his contribution to medical
science.
One of his greatest pleasures that his
association with the American College of
Surgeons permitted was the opportunity to
act as host to the sectional meeting of the
College in Edmonton in 1937. Never be
fore had that western community enter
tained such a galaxy of surgical stars. Mem
bers of the surgical house staff at that time
vividly remember Dr. Frank H. Lahey, Dr.
George Crile and Dr. John de J. Pember
ton attending one of Dr. Munroe’s operative
sessions at the University Hospital at the
conclusion of the meeting. He had always
been noted for his manual dexterity and
the speed with which he performed surgi
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cal operations, and his performance on that
occasion was apparently flawless. It is in
teresting to note that 30 years ago it was
customary to put “illustrated” in brackets
after the title of a paper in which slides
were to be used. The unusual has obvi
ously now become commonplace.
It was previously implied that the Langham period was a relatively insignificant
event in Dr. Munroe’s life. Such was cer
tainly not the case for it was there he first
met Eva Jane Hamilton of Neepawa, Man
itoba. They were married in October
1911. As is recorded so often of couples
whose life has been particularly rich and
full, their personalities appear to have com
plemented each other to a remarkable de
gree. In spite of his dry humour, Dr. Mun
roe is almost invariably recalled as a seri
ous person, not given to inconsequential
conversation. If one were to summarize his
character in a word, that word would prob
ably be “solidarity”. One of his colleagues
expressed it thus: “He was all wool and a
yard wide.” Mrs. Munroe brought another
dimension to their partnership, an outward
warmth, which in her husband was well
concealed except to his more intimate
friends. She brought too, a vibrant socia
bility that was nowhere more apparent than
when she and Dr. Munroe entertained an
entire medical class and their partners to
an evening of bridge, as was their custom,
or when, in more intimate groups they en
tertained members of the surgical intern
staff for Sunday tea. It was a grievous blow
indeed, to one whose home was at the same
time his fortress and his retreat, to lose the
very essence of what was truly home, when
so many years lay ahead. Mrs. Munroe died
in February 1948.
It would be unfair to suggest that his
surgery, his hospital and his University
were Dr. Munroe’s whole life but this is
very nearly true. In earlier years he had
been a golfer and a hunter of those game
birds for which the West is well known.
However, these diversions soon proved in
compatible with the many responsibilities
that inevitably were thrust upon him. Two
forms of relaxation he could not, however,
bring himself to neglect. One of these was
his garden, an interest that continued right
up to the time of his death. The other was
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his love of reading, or perhaps more ac
curately the necessity of satisfying his urge
to be informed. His deep interest in biog
raphy and history has already been re
ferred to. However, the record would be
incomplete were one to omit mention of
the breadth of his knowledge of political
issues, the men who fathered them, and of
current affairs. He took no active part in
politics but cherished a deep conviction
that it was each citizen’s obligation to be
well informed on such subjects and he was
not one to neglect an obligation.
Dr. Munroe resigned from the chairman
ship of the Department of Surgery in 1938,
in advance of the normal age of retirement,
in order that younger men might be given
an opportunity for leadership. He con
tinued, however, as senior surgical consul
tant to the D.V.A. until 1942 and continued
his private practice until 1954 at which
time he closed the door on his busy profes
sional and academic life, substituting for it
his books and his flowers.
Dr. Munroe represents an era in the his
tory of western Canadian surgery that was
critical to the development of medical edu
cation. He was among the last of those
military surgeons who were to achieve aca
demic eminence. Subsequently the univer
sity surgeon was to be the product of a
formal surgical training program. He repre
sents also the period marked by the emer
gence of surgical specialization, the
introduction of blood transfusion and
chemotherapy, and the beginning of mod
em anesthesia. His role as professor of
surgery in an emerging medical school at
a time of scientific and academic ferment
was not an easy one, and one marvels at
the prescience of his classmates of 1906
for surely he had “a heart for any fate”.
His own students, to whom he was affec
tionately but secretly known as “Sandy”
would doubtless also agree with Dr. Shep
herd’s prediction. Dr. Munroe was certain
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ly a man of wide experience, and success,
although difficult of definition, was most
certainly his reward.
I am indebted to Mrs. Christina Munroe Simp
son for many of the details of Dr. Munroe’s early
life and for Figs. 2 and 3. Miss Isabel Munroe,
Dr. Munroe’s daughter, has been of particular
assistance in permitting the author to review Dr.
Munroe’s personal papers, in providing additional
information and in making Fig. 4 available. Figure
1 was kindly supplied by the American College
of Surgeons. In addition it is a privilege to
acknowledge the assistance of many of Dr. Mun
roe’s associates, particularly Dr. J. W. Scott.
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THYROID SURGERY: VANCOUVER GENERAL HOSPITAL,
1959-1963°
S. H. YOSHIDA, M.D., R. E. ROBINS, M.D., F.R.C.S.[C] and
A. D. McKENZIE, M.D., F.R.C.S.[C], Vancouver, B.C.

D uring the five years 1959 to 1963 inclu

sive, 677 patients underwent thyroidectomy
at the Vancouver General Hospital, Van
couver, B.C. The operations were per
formed by 70 surgeons of the visiting and
the attending staffs, but 10 general surgeons
operated on more than 50% of these pa
tients.

T A B L E I I .— S ex

*■

Percentage

299
138
121
59

44.2
20.4
17.9
8.7

48
12

7.1
1.8

F in al diagnosis
Multinodular non-toxic goitre
Benign solitary adenoma
Toxic goitre
Carcinoma (primary and
secondary)
Thyroiditis
Miscellaneous, e.g. lingual
thyroid

Thyroid surgery: Vancouver G eneral
Hospital, 1959-1963.—Table I shows the
final pathological diagnoses in this series.
Slightly less than one-half of the patients
had a histopathological diagnosis of multi
nodular non-toxic goitre; one-fifth had a
diagnosis of benign solitary adenoma; this
was followed closely by the group with
toxic goitre. Less than 10% of the patients
had carcinoma and 7.1% had thyroiditis.
A miscellaneous group, 1.8%, had such di
agnoses as thyroglossal cysts, Hodgkin’s
disease of the thyroid, and lingual thyroid.
Sex and age distribution (Table I I ) .—
In the entire series, females outnumbered
males six to one. The ages ranged from
4 to 83 years. The right-hand column
(Table II) shows the percentage of pa3From the Department of Surgery, Vancouver
General Hospital, Vancouver, B.C.
Presented at the Annual Meeting of the Royal
College of Physicians and Surgeons of Canada,
Montreal, Que., January 1966.

A g e D is t r ib u t io n

Fem ale/m ale

Diagnosis
Multinodular non-toxic
goitre............................
Benign solitary adenoma.
Toxic goitre.......................
Thyroiditis.........................
Carcinoma.........................

T A B L E I . — T h y r o id S u r g e r y :
V a n c o u v er G e n e r a l H o s p it a l , 1959-1963

Cases
(677)

and

6/1
5/1
5/1
All female
4/1
(under 40)
1/1
(over 40)

l Wider .JO
(%:
28
42
61
29
50

tients under the age of 40. Approximately
one-quarter of those with multinodular
non-toxic goitre were under 40 and 42%
with benign solitary adenoma were under
40. In those with toxic goitre, the peak in
cidence was in the third decade, a much
younger group than in those with multi
nodular non-toxic goitre or benign solitary
adenoma. No males had thyroiditis.
Fifty per cent of the patients with pri
mary carcinoma were under the age of 40;
in this group, females outnumbered males
four to one. However, over the age of 40
years, the sex ratio was equal.
T A B L E I I I .— A ccuracy

of

P r e o p e r a t iv e D ia g n o s is

Diagnosis
Toxic goitre....................................................
Benign solitary adenoma..........................
Multinodular non-toxic goitre..................
Carcinoma......................................................
Thyroiditis.....................................................

Percentage
9 3 .4
7 3 .2
5 0 .2
4 4 .6
10.4

The accuracy of p reop erativ e diagnosis
(Table I I I ) .—Accuracy of preoperative di
agnosis ranged from 93% for toxic goitres
to 10% for thyroiditis. Thyroid lesions
were often discovered incidentally in
routine physical examination, and the pa
tients often had no symptoms and were
unaware of a mass. About 20% of those
with benign solitary adenomas and 50%

12

THE CANADIAN JOURNAL OF SURGERY

of those with primary carcinomas had an
asymptomatic solitary mass in the neck.
The commonest clinical error was diagnos
ing multinodular non-toxic goitre as a
benign solitary adenoma.
The majority of patients, however, had
symptoms. All patients with toxic goitre
had systemic manifestations. Over 80% of
patients with benign solitary adenoma had
noticed a mass; one-half of these were
symptomatic. Most of the patients with
multinodular non-toxic goitres complained
of pressure symptoms. Over one-third of
those with carcinoma had noted progres
sive enlargement of a mass and, in onethird, the cervical lymph nodes were clini
cally involved at the time of diagnosis.
One-half of the patients with thyroiditis
were aware of a definite symptomatic mass.
The solitary nodule.—A solitary nodule
was described by the examining physician
in over one-third of the 677 patients. How
ever, at operation, only one-half of these
proved to have a benign solitary adenoma.
The histopathological diagnosis in these
cases was follicular adenoma. Often a
prominent nodule in a multinodular non
toxic goitre was taken to be a benign soli
tary adenoma. Females outnumbered males
five to one and the majority of patients
were under 40 years of age.
In 17 patients, primary carcinoma of the
thyroid was misdiagnosed as benign soli
tary adenoma; this represents 6.6% of the
clinically apparent solitary nodules and
30.4% of proved primary carcinomas.
Primary carcinom a of the thyroid.—Only
one-half of the lesions presumed to be pri
mary carcinoma of the thyroid before op
eration were confirmed at operation. About
20% of the patients eventually proved to
have carcinoma had a long - standing
goitre, which indicates that a long history
of a goitre does not rule out carcinoma.
About 50% of the patients with carcinoma
were under 40 years of age; females out
numbered males four to one but, over the
age of 40, the ratio was equal. On clini
cal examination, over one-third of these
patients had involved cervical lymph nodes
at the time of diagnosis.
Final pathological classification of pri
mary thyroid carcinom as (Table IV ).—Al
most three-quarters of the primary carci
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nomas were of the papillary and follicular
types. Undifferentiated carcinoma is a dis
ease of the elderly. In this series, none of
these lesions were found in patients under
the age of 50; five of the eight patients
with undifferentiated cancer were over 70
years.
In this study, there was a relationship
between thymus radiation in infancy and
carcinoma of the thyroid. Of the 56 pa
tients with carcinoma, six had had radiation
to the thymus in infancy. All were women
under the age of 32; the average age was
22 years. All had follicular carcinoma.
TA B L E IV . — F in a l P athological C l a ss if ic a t io n
of

P r im a r y T h yro id C arcinom a

F in al pathological diagnosis
Papillary carcinoma...................................
Follicular carcinoma..................................
U ndifferentiated
1. Anaplastic...........................................
2. Giant cell............................................
3. Small cell.............................................
Mixed papillary and follicular.................
Unclassified..................................................

Cases
(56)
24
17
3
3
2
6
1

Thyroiditis.— Thyroiditis usually pre
sented a diagnostic problem. Practicallv
all cases of thyroiditis in this series were
forms of chronic thyroiditis and for these
the general term “chronic thyroiditis” is
appropriate. At most only two of these
cases could be classed as “acute thyroid
itis”. In this series only 10 % of such lesions
were correctly diagnosed preoperatively.
In few cases was the necessary effort made
before operation to establish an accurate
diagnosis. Forty-six per cent of the cases
were misdiagnosed as multinodular non
toxic goitre and 27% as benign solitary
adenoma. All 48 patients with thyroiditis
were females. The majority had been
aware of a definite symptomatic mass in
the neck and complained of recent enlarge
ment, pressure, “sore throat” or pain that
radiated to the ear, dysphagia, dyspnea
and hoarseness. Several gave a history of
long-standing goitre. Before operation, a
few had been treated medically. Some had
laboratory investigations and/or needle bi
opsy. An obvious lesson from this series is
that more effort should be made to diag
nose thyroiditis without operation so that
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a trial of medical therapy can be under
taken.
Surgical m anagem ent.—Generally the
surgical management of thyroid lesions in
this series was comparable to that of other
centres. For multinodular non-toxic goitres,
unilateral and bilateral subtotal thyroid
ectomy was done in 97% of cases.
Of the 138 patients with proved benign
solitary adenoma, one-half had total uni
lateral lobectomy, one-quarter had simple
local excision," and one-quarter had sub
total lobectomy. Because one-third of ma
lignant adenomas were found in patients
under 30 and because of the low morbidity
following lobectomy, we believe that soli
tary adenomas should be treated by uni
lateral total lobectomy. A quick-frozen sec
tion should be obtained, particularly in the
younger patient.
In about 15% of patients with primary
carcinoma, the correct diagnosis was either
not made or inadequate surgery was done
at the first operation so that more radical
surgery had to be undertaken in the early
postoperative period. This finding also em
phasizes the need for rapid frozen sections
so that a definitive procedure can be done
at the first operation. When carcinoma was
diagnosed, definitive surgery was done in
the majority of cases; unilateral lobectomy
in 57% and bilateral total lobectomy in
20% . In addition, radical neck dissection
was done in 41 %. Limited bilateral lymphnode dissection was done in only one case.
Some of the carcinomas were not resect
able; in these cases a diagnostic biopsy was
done or an attempt was made to relieve
tracheal pressure. Metastatic lesions were
found in the regional cervical lymph nodes
in 58% of all cases. In all of the neck dis
sections, metastatic disease was found.
For thyroiditis, subtotal thyroidectomy
was done most frequently. Hashimoto’s
thyroiditis was found in over 75% of the
cases.
Surgical complications (Table V ).—No
deaths were attributable to surgery in this
study. In 677 operative cases, the overall
morbidity was 5.7%. The lowest incidence
of complications was in patients operated
“The term “local excision of a thyroid nodule” as
used here means a shelling-out of the nodule with
out excision of surrounding normal thyroid tissue.

upon for benign solitary adenomas and
thyroiditis. Complications were highest in
operations for carcinoma and toxic goitre.
Tetany was the commonest complication,
and followed bilateral subtotal and total
thyroidectomy for carcinoma and toxic
goitre. Tetany occurred in 11 patients—
30% of the complications. Wound hemor
rhage occurred in nine— 24% of complica
tions; it was usually associated with toxic
goitres. Laryngeal obstruction due to hem
orrhage and edema was not infrequent
following surgery for multinodular non
toxic goitres and carcinomas. Temporary
tracheostomy was required in eight cases.
Eight wounds had to be reopened, 75%
of these had not been drained at the first
operation.
T A BL E V.—S u r g ic a l C o m p l ic a t io n s
F in a l diagnosis

P ercentage

Carcinoma......................................................

Toxic goitre.................................................

Multinodular non-toxic goitre.......................
Benign solitary adenoma................................

'thyroiditis.......................................................
Overall morbidity.............................................

16.9

11.6

3 .0
2 .2

2.1

5 .7

Myxedema immediately following opera
tion for toxic goitre, and recurrent laryn
geal nerve injuries were not encountered
in this series.

D iscussion
The purpose of this study was to assess
the indications for thyroid surgery in a
large open Canadian general hospital. It
was not an exhaustive clinical study of
thyroid disease. The operations were per
formed by 70 different surgeons who had
different opinions as to the indications for
surgery in thyroid disease and for the type
of surgery necessary. This study seems to
have established points that confirm the
authors’ indications for thyroidectomy. The
presence of a visible or palpable enlarge
ment of the thyroid gland is not, in itself,
an indication for thyroidectomy, with the
exception of those few lesions that are ob
viously carcinoma. Thyroid enlargement
does indicate the need for thorough in
vestigation, including thorough general in
vestigation of the patient, tests of thyroid
function including 131I uptake and thyroid
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scanning. If, after such investigation, there
is any suspicion that the lesion is malig
nant, immediate thyroidectomy is indi
cated. In those few patients with large
multinodular goitres that obviously will not
become significantly smaller on therapy
and which are producing local symptoms
or cosmetic deformity, thyroidectomy is
indicated without further delay. If hyper
thyroidism is proved, the patient is treated
either with radioactive iodine or thyroid
ectomy after adequate preparation. If in
vestigation indicates an apparently solitary
nodule that is functioning, or a multinodu
lar goitre or possible chronic thyroiditis,
a trial of thyroid therapy should be given
to levels of approximately three grains of
thyroid or its equivalent of thyroxine. Reg
ular reassessment of the patient is essen
tial. If, under this regime, the apparent
solitary nodule does not regress, surgery is
then indicated. If the patient is under 30
years of age, surgery is certainly indicated
if the response of the solitary nodule to
therapy is not rapid. If thyroiditis is sus
pected, a needle biopsy may make the di
agnosis. The surgeon doing an operation
for any thyroid lesion must be prepared to
deal adequately with the problem at the
time of the initial procedure. Certainly, if
the indication for operation is possible ma
lignancy, it is his responsibility at the time
of first operaton (a) to prove the diagnosis
by frozen section or (b) excise the lesion
(by total lobectomy in the case of the
solitary nodule) in such a manner that, if
the lesion should later prove to be malig
nant, adequate excision will already have
been done. With facilities now available,
the accuracy of diagnosis should be much
better than it was in this present series. A
surgical procedure should less often be
needed for diagnosis but, when indicated,
should be carried out in such a manner as
to provide good therapy.
Su m m a r y

In an analysis of 677 patients undergo
ing thyroidectomy at the Vancouver Gen
eral Hospital, females outnumbered males
six to one. In a large proportion of the
patients the final diagnosis was multinodu
lar non-toxic goitre. Clinically, one-half of
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the carcinomas and one-fifth of benign
solitary adenomas were asymptomatic; the
patient was unaware of the lesion and it
was found on routine physical examination.
All patients with thyroiditis had local
symptoms. Twenty per cent of patients
with primary carcinoma had had a goitre
for more than four years. These patients
had progressive enlargement, a prominent
nodule, pressure or pain, which created a
suspicion of malignancy. Six women whose
average age was 22 years and who had
thymus radiation in infancy, developed
follicular carcinoma.
The commonest diagnostic error was mis
taking multinodular non-toxic goitre for
solitary adenoma. A preoperative diagnosis
of thyroiditis was rarely considered. Only
one-half of the carcinomas were correctly
diagnosed before operation. Thirty per cent
of proved carcinomas were misdiagnosed as
benign solitary adenoma and 6.6% of clini
cal solitary nodules were malignant.
In treating primary carcinoma surgically,
an attempt was made to excise the focus
of malignancy and to remove metastases by
radical neck dissection. However, 15% of
patients with carcinoma required early re
operation because the diagnosis had not
been suspected at the first operation, and
therefore examination of frozen sections
was not done.
No deaths were attributed to operation.
The overall postoperative morbidity was
5.7%. Tetany, wound hemorrhage and
laryngeal obstruction were the principal
complications.
R esu m e
Pendant la periode de cinq ans de 1959 a 1963,
672 patients ont subi une thyroldectomie a l’Hopital general de Vancouver. Dans ce nombre, on
comptait six fois plus de femmes que d’hommes
et la moitie des femmes presentaient des goitres
atoxiques multinodulaires.
L a moitie des cas de cancer primaire et le
cinquieme des adenomes solitaires benins etaient
completement asymptomatiques. Tous les malades
souffrant de thyro'idite presentaient des symptomes
locaux. Vingt pour cent des malades souffrant de
cancer primaire avaient un antecedent de goitre.
Six femmes qui avaient subi une irradiation du
thymus au cours de la premiere enfance eurent
un cancer folliculaire a 22 ans en moyenne.
L ’erreur diagnostique la plus courante etait
d’appeler goitre atoxique multinodulaire ce qui
etait un adenome solitaire. Avant l’operation, il
etait rare qu’on ait soupconne la thyro'idite. La
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moitie seulement des cas de cancer avaient ete
diagnostiques correctement avant l’intervention et
un tiers des cancers averes avaient ete erronement
diagnostiques comme etant des adenomes soli
taires.
Apres avoir ete operes pour un cancer, 15% des
malades durent etre reoperes rapidement, en raison

15

d'une erreur de diagnostic lors de la premiere
operation.
11 n’y eut aucun deces attribuable a la chirurgie,
et la proportion globale de complications a ete de
5.7%. Parmi les principals complications, citons:
tetanie, hemorragie de la plaie et occlusion laryn
ges.

ATONIC MEGACOLON°
JOHN A. PALMER, M.D., F.R.C.S.[C], F.A.C.S.,t Toronto, Ont.
and JOHN E. McBIRNIE, B.Sc., M.S., M.D., F.R.C.S.[C],t Port Colborne, Ont.

and functions normally. In this condition,
of megacolon described by Hirschsprung, unless surgical correction is done at a rela
which, for want of a better name, is gen tively early age, death ensues. The sur
erally known as Hirschsprung’s disease. geon whose practice is confined to adults,
That it is well known is largely due to the rarely, if ever, encounters this entity.
There is, however, another form of
work of Bodian, Stephens and Ward,1
Swenson and Bill,2 Hiatt1 and others who megacolon which is less well known and,
clarified the physiological basis of an entity when encountered by the surgeon, may be
previously clouded and confused. How confused with Hirschsprung’s disease. This
ever, this entity may have been overem entity has been referred to as “idiopathic
phasized with the result that many physi megacolon”, “functional megacolon and
cians may conclude, erroneously, that all “colonic inertia”. We prefer to call it “aton
patients with megacolon have some variant ic megacolon” because the essential feature
appears to be a loss of normal tone and
of Hirschsprung’s disease.§
The essential feature of Hirschsprung’s normal co-ordinated peristaltic activity of
disease is a contracted, aganglionic seg part or all of the colon and rectum.
ment of large bowel, usually in the recto
sigmoid area, which produces an incom
P athophysiology of A tonic M egacolon
plete, functional obstruction of the proxi
There is no contracted segment in
mal colon. The colon becomes hypertro atonic megacolon. In its most severe form,
phic, dilated, and marked peristaltic activity
the entire colon, from the ileocecal valve
is evident. Following adequate excision of
to the anal canal, is dilated, flabby, redun
the aganglionic contracted segment, the redant and inert. The abdomen is distended
mander of the colon returns to normal size
and, because of large accumulations of
“From the Department of Surgery, Toronto Gen feces in the grossly distended and hyper
trophic colon, has a characteristic doughy
eral Hospital, Toronto, Ont.
J-Suite 530, Medical Arts Building, 170 St. George consistency.
Street, Toronto 5.
These patients, unlike those with Hirsch
tMcBirnie-Cleland Clinic, Port Colborne, Ont.
sprung’s disease, may complain of soiling
§In this discussion the megacolon associated with
the megaesophagus of Chagas’ disease is excluded. and incontinence. On rectal examination,
The etiologic agent in this type of megacolon ap immediately above the anorectal ring, the
pears to be the parasite Trypanosma cruzi, which finger encounters a huge mass of feces
lodges in the muscular layer of the gastrointestinal
tract and damages or destroys the ganglion cells. that distends the rectal ampulla to an
The motor dysfunction is a consequence of this amazing degree. Bowel movements are
denervation. Chagas’ disease is common in South massive; they occur at intervals of seven
America but rare in North America.
Most surgeons are familiar with the type
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to 30 days or even longer, and then only
after the copious use of laxatives, supposi
tories and enemas. On barium enema, the
colon is greatly enlarged and flaccid but
there is no evidence of a contracted seg
ment. As in a patient with paralytic ileus,
evacuation of the barium is prolonged and
incomplete. On sigmoidoscopic examina
tion, the rectosigmoid is capacious and
cavernous; it is easy to examine because it
does not contract.
In our two most recent cases we studied
the motility of the colon by cinefluoroscopy. The atony of the involved colon was
most striking. Cinefluoroseopy will prob
ably play an increasingly important role in
the differential diagnosis of this and other
disorders of gastrointestinal motility.

T reatment
Most patients with atonic megacolon can
probably be managed conservatively by
diet, laxatives, enemas, suppositories, neo
stigmine (Prostigmin) and reassurance.
However, there are a number of patients
whose lives are made miserable by recur
rent abdominal distension and soiling, and
who become discouraged in the unceasing
battle for bowel evacuation. For these we
advise a subtotal excision of the dilated
atonic megacolon with a ceeoreetal ana
stomosis, although this may seem radical.
However, the operation is relatively
simple. The anastomosis is not difficult to
perform because the diameters of the
cecum and rectosigmoid at the pelvic peri
toneal reflection are approximately equal.
The complications and morbidity are sig
nificantly less than with a rectosigmoidectomy or “pull-through” procedure, which
is ineffectual and is not indicated in pa
tients with atonic megacolon.
After resection, diarrhea is pot a problem
because the combined cecum-and-rectosigmoid remnant provides an adequate
reservoir.
We believe that the anastomosis of ce
cum or low ascending colon to rectum is
preferable to ileorectal anastomosis, and
not only for technical reasons. It is our im
pression that postoperative diarrhea and
intestinal dysfunction occurs less frequently
if the ileocecal valve mechanism is left.
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C ase R eports
Case 1.— In 1958, an 18-year-old boy was
admitted to the Toronto General Hospital with
a history of chronic constipation since child
hood. Over the years he had tried most of the
known laxatives without consistent success.
Gradually he had noted increasing difficulty in
evacuation until, during the year before his
admission, his bowels moved once every two
to three weeks and then only with repeated
enemas.
When he was 5 years old, a left lumbar sym
pathectomy was done with questionable tem
porary relief. At the age of 10, a right sympa
thectomy was done, which gave an indefinite
result. At 13, a resection of the sigmoid colon
resulted in only temporary improvement. At
16, an ileosigmoid, side-to-side anastomosis
was done but was ineffective. In fact, his con
stipation appeared to be somewhat worse in
that the enemas and laxatives were less effec
tive and, for the first time, he had crampy
abdominal pain, presumably of small-bowel
origin. He was referred at this time with the
diagnosis of Hirschsprung’s disease (Fig. 1).
He appeared ill and had lost 15 lbs. during the
previous year. His abdomen was enlarged by
palpable feces. The rectal ampulla was grossly
distended to the anal canal, but there was no
evidence of a narrow distal segment. A full-
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Fig. 1.—Marked dilatation of the rectum and
sigmoid colon. With additional contrast medium,
the entire colon was also shown to be dilated
and atonic.
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thickness biopsy of the rectum was done which,
on pathological examination, consisted of
masses of smooth muscle and some intervening
connective tissue that contained vessels and
nerve fibres. There were no ganglion cells in
the specimen.
We thought he had an atonic megacolon
but, worried by the pathologist’s report, we
repeated the biopsy in the same area of the
rectum. The second specimen contained gan
glion cells. On June 30, 1958, a subtotal colec
tomy with a cecorectal anastomosis was done.
The anastomosis was made about two inches
above the peritoneal reflection. On pathologi
cal examination, the resected colon contained
scattered ganglion cells, more widely spaced
than normally seen.
He has been examined at intervals over the
past seven years. He has gained 25 lbs. and
has had a formed bowel movement every one
or two days.
Case 2 .— An 18-year-old boy was first seen
in December I960, complaining of chronic
constipation since infancy. His mother stated
that he had never had a normal bowel move
ment in his life. Since he was an infant she
had been forced to induce bowel movements
by harsh laxatives or enemas. He would go
for up to 10 weeks without a bowel move
ment and would then be distended and short
of breath.
On examination, he was a tall well-devel
oped boy with a moderately protruberant
abdomen. A barium enema showed a grossly
distended colon and rectum but no evidence
of a constricted segment (Fig. 2 ) . A full
thickness rectal-wall biopsy contained gan
glion cells, considered to be fewer in num
ber than usually seen. He was observed for
one year while we attempted, unsuccessfully,
to manage his problem by conservative meth
ods.
In December 1961, a subtotal colectomy
was done. Approximately five inches of cecum
and ascending colon were left to anastomose
to the rectum, which was divided immedi
ately proximal to the peritoneal reflection. The
colon was grossly distended, redundant, thickwalled and leathery throughout. On histo
logical sections, the ganglia were diminished
throughout the colon but there were no com
pletely aganglionic areas.
The boy’s postoperative course was un
eventful. After the first week, he was having
one or two formed stools daily. Three months
after his operation he joined the Canadian
Army and fully met the physical requirements.

Fig. 2.—The dilated rectum and air-filled trans
verse colon. Additional barium demonstrated gross
dilatation of the entire colon, which was verified
at operation.

He has been rechecked at intervals and
has gained 30 lbs. since his operation. He
continues to have a normal bowel habit.
C ase 3 .— A 26-year-old Italian was investi
gated because of chronic constipation of pro
gressive severity since childhood. According
to his mother, this began after a severe bout
of scarlet fever at the age of 5. For a few
years before being examined, he had had
bowel movements every 10 to 14 days despite
the regular use of various laxatives and ene
mas. Soiling and occasional incontinence of
liquid feces occurred during the few days b e
fore evacuation. He did not have crampy ab
dominal pain and his general health had ap
parently not suffered.
His abdomen was distended and doughy
and the rectal ampulla was packed with feces
to the anal canal. Barium enema showed a
colon that was dilated and redundant from
ileocecal valve to anorectal ring.
A subtotal colectomy with cecorectal ana
stomosis was done in April 1961. Since dis
charge from hospital, he has had a formed
bowel movement once and occasionally twice
daily.
C ase 4 .— In 1961, a 32-year-old woman
was seen with a 10-year history of progressive
ly severe constipation, which seemed to have
been aggravated during each of her three
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pregnancies. She would have periods of up to
one month without a bowel movement and
then only have a movement with the greatest
of difficulty. Intensive conservative manage
ment did not significantly alter her bowel
habit. Her abdomen was so distended that
she wore maternity clothes.
A subtotal colectomy was done in March
1962. Because of technical difficulties associ
ated with a previous Roux-en-Y anastomosis
of common bile duct to jejunum, the colon
was resected proximally only as far as the
hepatic flexure. Ganglion cells were present
throughout the specimen but, according to the
pathologist, were decreased in number. Since
operation she has had one and occasionally
two formed bowel movements daily.
C ase 5 .— In 1964, a 37-year-old woman
was referred with a diagnosis of atonic mega
colon, for consideration of subtotal colectomy.
As a child in Wales she remembers being
taken to numerous doctors for treatment of
chronic constipation. During the years that
followed, she had progressively severe consti
pation that required copious amounts of laxa
tives and frequent enemas. During the three
years before admission, her life began to re
volve around her struggle for bowel evacua
tion. She was admitted to hospital on three
occasions, had numerous radiographs and, de
spite the use of many new laxatives, only had
an evacuation every two to four weeks after
enemas and with manual assistance. She began
to feel poorly and lost 30 lbs. She kept a ward
robe in a variety of sizes to accommodate the
cycle of abdominal distension.
Barium examination, including cinefluoroscopy, revealed a long, redundant colon. The
redundancy was most marked in the sigmoid
colon, but there was only moderate dilatation.
There was no contracted segment (Fig. 3 ).
The flaccidity of the colon and the resultant
difficulty in evacuation of barium from the
bowel were striking. A rectal biopsy was taken
immediately above the anorectal ring. In this
specimen and in the colon removed subse
quently, the muscular layers were moderate
ly thickened and contained ganglion cells. Al
though Auerbach’s plexus was not clearly de
fined in some areas, there was no significant
abnormality of ganglion cells.
In September 1964, a subtotal colectomy
was done. The ascending colon was divided
two inches above the ileocecal valve, and the
rectum was divided about two inches above
the peritoneal reflection. An end-to-end ana
stomosis was done without difficulty.
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Postoperatively the patient had no problems
other than some left-sided abdominal pain,
which persisted for a few weeks. Her subse
quent course has been most gratifying. She
feels well and has gained 12 lbs. She has nor
mal bowel movements once daily, with an
occasional missed day. She eats a normal diet,
does not take laxatives and her “bowel fixa
tion” has gone with her colon.

Fig. 3.—The rectum and colon following vigor
ous cleansing with castor oil, neostigmine (Prostigmin) and enemas are only moderately elon
gated and dilated, and could easily be considered
normal. Cinefluoroscopy revealed the marked ab
sence of propulsive activity and delay in empty
ing.
C ase 6.— A 57-year-old man was seen in
1964 because of a long history of constipation
that did not constitute a significant problem
until he joined the army. Since 1945 he had
not had a spontaneous bowel movement and
had tried countless laxatives without effect.
He carried on reasonably well with multiple
enemas until 1963. Since then, the enemas
had become less effective, he lost his appetite
and began to feel poorly. In the past, numer
ous barium enemas had been considered nor
mal. Cinefluoroscopy revealed a motility de
fect involving the colon distal to the hepaticflexure. Beyond this area, the bowel was mod
erately dilated, atonic and devoid of contrac-
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tions. The evacuation of barium was difficult,
delayed and incomplete.
Although his overall problem was not as
advanced as in those of other patients, de
scribed herein, the progression of symptoms
and increasing inability to evacuate his bowel
caused this patient great concern.
In June 1965, after a six-month period of
observation and treatment, the transverse and
descending colon were resected and ana
stomosed to the low sigmoid colon. He had a
spontaneous bowel movement on the fourth
postoperative day and has had regular daily
movements since.
D iscussion

Fifty years ago Sir Arbuthnot Lane was
a surgeon of renown. Many of his concepts
and practices, particularly in the operative
treatment of fractures and his techniques
of bowel resections, which were years
ahead of his time, have gradually been ac
cepted. However, he became known as a
medical eccentric because of his distrust
of the large bowel and his theory of “auto
intoxication”. He viewed the colon as a
“cesspool”, as “no longer a physiological
necessity”, “a useless and dangerous struc
ture”. He put this concept into practice by
excising the colon for chronic diseases of
many types. There is little doubt that he
carried this theory of auto-intoxication too
far. However, he did total colectomy for
severe ulcerative colitis 40 years before it
was accepted as “a radical new operation”
for this disease. He also recommended sub
total colectomy for the advanced form of
constipation associated with megacolon.4
Dixon and Judd5 reviewed 43 patients i:i
whom all or part of the colon had been re
sected for megacolon, at the Mayo Clinic,
Rochester, between 1909 and 1948. Some of
these cases were undoubtedly of the Hirsch
sprung or aganglionic type. The results
were surprisingly good; 36 had regular
bowel movements, six were improved but
required laxatives and occasional enemas
and the condition of one patient was un
changed.
In 1949, Bodian, Stephens and W ard1
clearly differentiated the various types of
megacolon and, under the term “idiopathic
megacolon”, described cases that had gan
glion cells throughout the colon and rec
tum, and which were dilated to the anus.
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In 1952, Hallenbeek and W augh0 ad
vised generous resection of the dilated
and elongated sigmoid with end-to-end
sigmoido-sigmoidostomy for “functional
megacolon”. The cases treated were not
described and it is difficult to know
whether they were examples of the megasigmoid of recurrent sigmoid volvulus, or
the more difficult problem of atonic
(“functional”) megacolon.
Goligher,7 in an excellent discussion of
megacolon, states that “ there has been a
not unnatural tendency in writings on the
subject of megacolon to dwell on the ra
tionale, technique and for the most part
satisfactory results of the Swenson type of
operation for Hirschsprung’s disease, and
to dismiss ‘rectal inertia’ in brief para
graphs, glossing over the lack of real insight
into the condition and the unsatisfactory
nature of its treatment. This is regrettable
more particularly, as rectal inertia is,
in my experience, commoner than Hirsch
sprung’s.” He described two such cases
treated by abdominoanal resection o f the
“pull-through” type. One of these devel
oped an anastomotic leak— a common
occurrence with this procedure; the other
continued to require enemas for rectal
evacuation. He advised sigmoid colostomy
as the operation of choice.
In a recent article, Kunes discussed his
management of 12 patients with “mega
colon of the non-Hirschsprung type” . He
divided them into three groups, according
to the site of the disorder: Group I had
megacolon and megarectum (seven cases),
Group II, megasigmoid (two cases) and
Group III, megasigmoid and megarectum
(three cases). It is doubtful whether Group
II (megasigmoid) should be included in a
discussion of atonic megacolon, because
these cases probably represent an anatomi
cal defect giving rise to recurrent sigmoid
volvulus and secondary dilatation of the
sigmoid colon, rather than a motility de
fect. W e agree with Kune’s recommended
treatment of this condition, sigmoid colec
tomy and anastomosis, because the remain
der of the colon and rectum is normal.
However, we do not agree with his treat
ment of Groups I and III. He advised
sigmoid colostomy for patients who re-
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quired surgical treatment. Although he
strongly condemned colon resection and
anterior resection, it is difficult to know
whether this condemnation is intended to
apply to the procedures described in this
paper. There is not sufficient evidence,
either in Kune’s paper or in those written
by Goligher7 and Todd*' to settle the mat
ter.
Our approach to the treatment of atonic
megacolon— by subtotal colectomy with
cecorectal anastomosis—may not be ori
ginal, although we do not know of a simi
lar group of cases treated by this method.
We believe that it is indicated for carefully
selected patients with severe progressive
constipation and objective evidence of a
motility defect in the colon. Although the
remaining rectum is undoubtedly involved,
it appears to provide an adequate reser
voir, and the ileocecal valve appears to
prevent distension of the ileum. We recog
nize the inherent danger of a too-liberal
indication for this operation. However, this
same danger exists with all other operative
procedures.
In contrast to Hirschsprung’s disease, we
believe that atonic megacolon is a defect
of motility affecting all or part of the colon
and rectum. It is probably an acquired
lesion and is related to a defective Auer
bach’s plexus.
Rectal biopsy is not necessary to differ
entiate atonic megacolon from Hirsch
sprung’s disease. When atonic megacolon
is most advanced, the ganglion cells, al
though present, may be so widely spaced
that no cells can be found in a single rectal
biopsy. A more certain distinction can be
made by clinical and radiographic methods.
Sum m ary

The entity, atonic megacolon, is relative
ly unknown. It is frequently confused with
Hirschsprung’s disease, which has been
widely discussed in the literature during
the past 15 years. One of the dangers of
this confusion is that a patient with atonic
megacolon may be offered a “pull-through”
resection of his rectosigmoid colon, an un
satisfactory operation for this condition.
Subtotal colectomy with cecorectal ana
stomosis is a satisfactory operation for care
fully selected patients with atonic mega
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colon. Selection is based on the following
factors: the severity of symptoms, the cinefluoroscopic demonstration of a motility
defect, and varying degrees of megacolon.
Six patients with this lesion treated by
subtotal colectomy have been followed up
to eight years after operation. They have
no diarrhea and have had normal bowel
habits since operation.
We are indebted to Dr. William Spence for
permission to include Case 4 and Dr. N. T. McPhedran for Case 6.
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R esu m e

Le megacolon atone est une entite relativement inconnue. On la confond souvent avec la
maladie de Hirschsprung dont on a longuement
discute dans la litterature au cours des 15 dernieres annees. Un des dangers de cette confusion
est qu’on risque de proceder a une resection, par
“pull-through” du colon recto-sigmoide, operation
qui ne convient pas a cette pathologie.
L ’operation qui est satisfaisante dans des cas
choisis de megacolon atone est la colectomie subtotale avec anastomose ceco-rectale. On choisira
les cas d’apres les criteres suivants: gravite des
symptomes, preuve cinefluoroscopique de l’inhibition de la motilite et degre de gravite variable du
megacolon.
Nous avons suivi pendant huit ans apres l’operation, six patients atteints de cette lesion et
traites par colectomie subtotale. Ils ne souffrent
pas de diarrhee et, depuis Tintervention, ont leurs
selles a heure fixe.
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CAROTID-ARTERY SURGERY FOR CEREBROVASCULAR
INSUFFICIENCY: EXPERIENCE W ITH 78 PROCEDURES
IN 60 PATIENTS0
W. B. CHUNG, M.D., C.M., F.R.C.$-[C], F.A.C.S., Vancouver, B.C.

As t h e number of older people in our
population has increased, cerebrovascular
insufficiency has correspondingly increased
in importance. At present, the two widely
accepted forms of management of such
insufficiency are operation and/or anticoagulation therapy.1 Review of the recent
literature indicates that anticoagulant ther
apy p er se is not entirely satisfactory.2-4
Often the benefit gained by reducing the
incidence of thromboembolism was more
than offset by hemorrhagic complications.
On the other hand, it is difficult to obtain
evidence with which to assess the value of
operation in comparison to anticoagulation.
In many cases, anticoagulants are given
where the level of block in the carotid
system is unknown. Operation, however,
hap ajways been carried out in patients in
whom the block is at the extracranial level.
In spite of this, some long-term follow-up
studies seem to indicate that operation does
favourably alter the natural history of the
ischemic stroke.0 The purpose of this paper
is to review a five-year experience in the
operative treatment of cerebrovascular
insufficiency with a view to improving pa
tient selection and techniques, and also to
avoid some of the complications peculiar
to this type of operative treatment.
Over the past five years my colleagues
and I have done 78 operations on 60 pa
tients with symptoms and signs of cereb
ral ischemia and radiological eyidence of
involvement of one or both carotid arteries
in the neck (Table I ). O f the 60 patients,
42 had unilateral disease and 18 had bi
lateral disease— a total of 78 lesions. Their
ages ranged from 41 to 72 years, with an
average of 6Q.5 years. There were 45 men
and 15 women. The duration of their com“ From the Department o f Surgery, University of
British Columbia, Vancouver, B.C.
Presented at the Annual Meeting of the Royal
College of Physicians and Surgeons of Canada,
Montreal, Que., January 20, 1966.

TABLE; I.— C a r o t id - A r t e r y S u r g e r y
brovascular

for C e r e 
I n s u f f ic i e n c y : C l i n i c a l D a t a

No. of patients......................................................... 60
No. of operations....................................................
78
A ge: 41 - 72.
Average...................................... 60.5
Sex: M ale...............45
Female......................
15
Duration of symptoms...................... 4 days - 7 years
No. with residual deficits........................................
28

plaints ranged from four days to seven
years. Twenty-eight patients had “com 
pleted” strokes with minor residual defects.
The classification of the lesions is shown in
Table II. Of the 78 lesions, 57 were partial
T A B LE II.— C a r o t id -A r t e r y S u r g e r y
brovascular

for C e r e 
I n s u f f ic i e n c y : C l a s s i f i c a t io n o f
L e s io n s

Com plete........................................................
Partial (including three tortuous vessels)..........

21
57

T ota l..............................................................

78

occlusions and 21 complete occlusions. In
three patients with partial occlusion, marked
tortuosity of the vessel had compromised
the lumen. It is of interest to note that
among those with complete occlusion, two
patients developed their symptoms immed
iately after automobile accidents. The role
of indirect trauma in acute carotid-artery
occlusion has been well documented.8- 1
C l in ic a l M anifestations

The concept proposed by Johnson and
Walker8 in 1951 may help in understand
ing the manifestations and the progress of
a focal cerebrovascular infarct. They di
vided the natural history of a cerebral
infarct into three stages: (1 ) incipient
stroke, (2 ) advancing stroke, and (3 )
completed stroke (Fig. 1).
In the incipient stroke, the attacks are
characteristically transient, consisting of
episodes of neurological deficit that may
last for 15 to 30 minutes. Between attacks,
the patient is normal. In a review of col
lected cases, Luessenhop9 showed that, in
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80% of these patients, severe and perma
nent neurological defects will develop
within 12 months if the cerebrovascular in
sufficiency is untreated.
In the advancing stroke, the patient dis
plays an increasing clinical deficit. Since
the majority reach their maximum deficit
within hours, usually before the physician’s
examination, this stage is not commonly
seen. However, when seen by the physi
cian, this stage is often classified as the
acute stroke. We have not operated on this
group of patients because, in the presence
of a fresh infarct, restitution of blood flow
is said to be associated with a high mor
bidity and mortality.10

When the deficit becomes stable, the
stroke is complete. This last phase signifies
irreversible brain damage. If the neuro
logical deficit is mild, relief of a stenosis
may prevent further infarction. This was
the reason for operation in 28 of our pa
tients with minor residual defects. How
ever, if the neurological deficit is severe,
relief of either stenosis or occlusion may
not significantly alter the patient’s clinical
state.
D ia gn o sis

The diagnosis of cerebral ischemic at
tacks depends primarily on the history.
The signs and symptoms produced by the
involvement of the internal carotidmiddle cerebral circulation are contra
lateral motor or sensory deficits and mono
cular visual disturbances. Dysphasia and
aphasia may develop if the dominant
hemisphere is involved. We have also
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seen a small number of patients whose
symptoms are less specific; their primary
complaints were dizziness, unsteadiness in
gait or inability to think clearly. The con
firmatory physical findings were a reduc
tion of pulse in the affected artery and a
bruit over the carotid bifurcation. These
signs, however, may not always be present.
In our series, pulse differences were de
tected in only 40% of patients and a bruit
in 60%. Although in more than 80% of
cases, diagnosis may be made fairly accur
ately from the characteristic features of
the history and physical examination, the
exact location and extent of the lesion has
to be delineated by carotid arteriograms.
Since the majority of our patients had
signs and symptoms suggesting carotidmiddle cerebral-artery insufficiency, the
arteriograms were mostly obtained by
direct common-carotid-artery puncture. In
those patients who had additional symp
toms suggesting vertebral-basilar insuffici
ency or who had signs indicating narrow
ing of the vessels from the aortic arch, total
cerebral arteriography was performed to
visualize the origin of the vertebral, in
nominate and carotid arteries. These were
done by the retrograde femoral artery or
brachial artery approach. Because of the
dangers of arteriography it has been our
policy to investigate the “symptomatic”
vessels only and not to do total cerebral
arteriography as a routine.
In 20% of our cases, the diagnosis was
not immediately apparent. Conditions that
may imitate an incipient or completed
stroke are:
(1) Intracranial tumour, primary or
secondary. (W e have encountered
three patients with lung cancer and
cerebral metastases.)
(2 ) Cerebral hemorrhage.
(3 ) Multiple sclerosis.
(4 ) Meningovascular syphilis.
(5 ) Diffuse cerebral atrophy.
O p e r a tio n

As Table III shows, we have gone
through a cycle in anesthesia. Initially,
all our patients were operated upon under
general anesthesia during which the brain
was protected either by hypothermia or by
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a shunt. This may be an external shunt—a
polyethylene tube with a 15-gauge needle
at either end inserted into the artery proxi
mal and distal to the area of dissection, or
an internal shunt—a short piece of poly
ethylene tubing (Nos. 260, 280 or 320) in
serted intraluminally. Both are held in
place by tourniquets applied beforehand.
We now prefer to use an internal shunt,
which is less cumbersome and more easily
inserted. Hypothermia was rather cumber
some so, after gaining confidence in our
techniques, we have followed the lead of
others and used local anesthesia in 17
cases. The great advantage here is that the
neurological status of the patient can be
evaluated during and immediately after
surgery. Local anesthesia, however, has
certain disadvantages: It places a great
strain on the surgeon because it requires
speed and also uncooperative patients are
occasionally encountered. The effects of
hurrying may be serious because of the
necessity for careful dissection and suture
of the distal intima to prevent spontaneous
dissection, and careful closure of the
ar tenotomy to prevent narrowing. We
have, therefore, returned to light general
anesthesia assisted by an internal shunt.
With this combination, a more leisurely
dissection and careful repair may be done.
TABLE III.— C arotid -A rtery S urgery for
C erebrovascular I n su ffic ien c y : O pera tiv e
D ata
No. of
patients

Anesthesia:
Hypothermia........................................
Local......................................................
General.................................................
Operation:
Thromboendarterectomy...................
Bypass...................................................
Excision and grafting..........................

10
17
51
74
1
3

Because the stenosis is nearly always
localized, we have done a thromboendar
terectomy in all cases, except in three pa
tients in whom bypass grafts or graft re
placements were used. The procedure of
endarterectomy is well known and will not
be described in detail here. However, two
points should be noted: Firstly, the correct
cleavage plane must be entered if the ob
structing atheroma is to be separated out
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cleanly; secondly, the lesion must be re
moved in a distal direction until normal
adherent intima is encountered. If this
cannot be done and the distal intima is
still thick, it must be sutured down care
fully; otherwise, when the blood flow is
restored, subintimal dissection and com
plete occlusion may develop. Fortunately,
the disease is usually segmental and there
is often rapid thinning of the distal intima,
which adheres to a normal vessel wall.
Thus “tacking” sutures were necessary in
less than one-half of our cases.
Good operative technique is vital, but
several ancillary measures designed to pro
tect the brain during surgery are also
important (Table IV). The first of these
TABLE IV.—C arotid -A rter y S urgery for C e r e 
brovascular I n su ffic ien c y : M ea su r es to
ta in C erebral P erfu sio n

(1)
(2)
(3)
(4)

M a in 

Maintenance of blood pressure
Use of shunt
Lowering head
Heparinization

measures is the maintenance of peripheral
blood pressure. We have found that, in
nearly every case done under local anes
thesia, maintaining the blood pressure and
lowering of the head were all that was
necessary to provide an adequate cerebral
circulation during clamping of the carotid.
In 17 patients done under local anesthesia,
only once was it necessary to insert a
shunt because of depression of the patient’s
neurological state. On the other hand, one
of our early patients done under hypo
thermia died because her blood pressure
fell during and immediately after surgery
causing thrombosis of the recently clearedout segment, cerebral infarction, and death.
It is now our policy to maintain the pa
tient’s blood pressure at or slightly above
normal with a phenylephrine (Neo-synephrine) drip if necessary.
The use of a temporary shunt has been
mentioned. When local anesthesia was
used, the shunt was inserted whenever
there was any change in speech, motor ac
tivity or level of consciousness of the
patient. Under general anesthesia, where
we could not assess the patient’s neurolog
ical state, the shunt is inserted as a routine.
In addition, systemic and local heparin
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were used in all cases. After the carotid
vessels were well exposed, the patients
were given 30 mg. of heparin systemically.
Immediately before the occlusion of the
common, internal and external carotid ar
teries and insertion of the temporary shunt,
a dilute solution of 20 mg. of heparin was
injected into the common carotid artery.

on the other. In the patients with bilateral
partial occlusions, we have been operating
on the side producing symptoms first, and
the other side a week or 10 days later. In
those patients with partial occlusion on one
side and complete occlusion on the other,
the completely occluded side was done
first and the other side later. Of these 18
patients, 17 showed clinical improvement
and one died. There were no other neuro
logical complications. Since these results
are better than in the group of 53 patients,
we are led to believe that a patient with
bilateral disease, who clinically has only
minor neurological deficit or is having tran
sient ischemic attacks, faces less surgical
risk than the patient with unilateral
disease.
(3 ) Of seven patients with unilateral
complete occlusions in whom operations
were unsuccessful, two showed some im
provement, four were unchanged and one
gradually got worse.
(4 ) In eight patients, neurological com
plications in the immediate postoperative
period resulted in two deaths. In the other
six patients, the increased neurological de
ficits were transient in three patients and
permanent in the other three.
The most serious item brought to light
in this review is the eight complications
that caused death in two patients, and
permanent disability in three. These eight
cases were studied in greater detail. In
four, the complications were due to extra
cranial thrombosis in the area of recent
thromboendarterectomy and, therefore, had
a technical basis. One of the four patients
treated under hypothermia has been men
tioned earlier. She developed several epi
sodes of hypotension. One factor contribut-

TABLE V.— C
brovascu lar

a r o t id - A r te r y S u r g e r y fo r C e r e 
I n s u f f ic i e n c y : T e c h n ic a l R e s u l t s

Type of lesion

No. of
Flow reoperations established Percentage

Partial.................
Complete............

57
21

57
6

100
29

R esults

The results— technical and clinical— are
summarized in Tables V and VI. The im
portant points are:
(1 ) In the 57 partial occlusions, good
flow was re-established in all instances. In
the 21 complete occlusions, the procedure
was successful in only six (2 9 % ).
(2 ) In 53 patients in whom the flow of
one or both carotids was successfully re
established, 45 ( 85% ) showed clinical im
provement after a follow-up of six months
to five years. This improvement consisted
of either cessation or reduction of attacks,
and improvement of motor activity or
thought processes. Of the remaining eight,
two died in the early postoperative course,
two were unchanged, three made worse
and one died one month after operation
from myocardial infarction.
Of special interest are the 18 patients in
this group who had bilateral disease. Ten
of these patients had partial occlusion of
both carotid arteries; eight had partial oc
clusion on one side and complete occlusion

TABLE VI.— C

a r o t id -A r t e r y

S u r g e r y f o r C e r e b r o v a s c u l a r I n s u f f ic i e n c y : C l i n i c a l R e s u l t s

Immediate
No. of
patients

Flow re-established.........

53

Flow not re-established...
Total............................

7
00

Vol. 10

Worse

Deaths

6
temporary
3
permanent
3

3
(5%)

0

0

6

3

Late
Improved No change

45
(85%)

2

2
47

4
6

Worse

Deaths

3
(5%)

0

1

0

4

0

a

♦ -

A

4

H
♦ -
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Fig. 2.— Right carotid arteriogram of patient J.M. showing marked narrowing of the internal
carotid artery.

ing to her death was the difficulty in
recognizing the signs and symptoms of
thrombosis and cerebral ischemia during
the long period of unconsciousness while
she was being re-warmed. The other three
patients who developed thrombosis had
operation under local anesthesia and their
neurological disturbances were noted im
mediately. Re-exploration was carried out
under local anesthesia and all recovered
completely after the fresh thrombus was
removed.
In the last four cases that had increased
neurological deficits (one of whom died),

the sequence of events is not easy to
explain. They did not have extracranial
thrombosis of the vessels at re-exploration
or, in the patient who died, at autopsy. In
these patients it must be assumed that
cerebral infarction was due to intracranial
thrombosis.
On reviewing all the arteriograms done
on the patients in the partially occluded
group, there were certain definite correla
tions between the radiological findings and
the clinical course of those who developed
neurological complications. On the basis of
radiological configuration and the flow of

Fig. 3.— Left carotid arteriogram of patient J.M. showing rapid filling of both anterior and
middle cerebral arteries.
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Fig. 4.— Right carotid arteriogram of patient G.S. showing diffuse extracranial and intracranial
arterial disease.

contrast media, intracranial circulation can
be divided into three types: normal, com
pensated and abnormal. Normal circula
tion need not be discussed. The compen
sated circulation is shown in Fig. 2. This
is an arteriogram of a patient with a steno
tic area in the right internal carotid artery
that had compromised the circulation to
the right hemisphere causing transient
ischemic attacks. Injection of contrast
media into the opposite carotid system
(Fig. 3) not only filled the ipsilateral an
terior and middle cerebral arteries rapidly,
but also filled the contralateral anterior
and middle cerebral arteries, thus com
pensating for the inadequacy of the right
internal carotid artery. Figure 4 shows an
arteriogram of a patient with an abnormal
intracerebral carotid artery. The vessel was
irregular from the bifurcation to the base
of the skull. The irregularity continued
inside the cranium with several areas of
V I I .— C a r o t id -A r t e r y S u r g e r y for
C e r e b r o v a s c u l a r I n s u f f ic ie n c y : I n t r a c e r e b r a l
C ir c u l a t io n and P o s t o p e r a t iv e N e u r o l o g ic a l
C o m p lic a t io n s

marked indentation, which indicated dif
fuse arteriosclerotic disease of the cerebral
circulation.
Using this classification—normal, com
pensated and abnormal, we analyzed the
partially occluded group. Forty-four pa
tients had normal or compensated circula
tion and six had an abnormal circulation
(Table V I I ). Of the 44 patients, four (9% )
developed neurological complications. In
three of these patients the complication
was on a technical basis. They recovered
after the removal of the thrombi from the
site of thromboendarterectomy. However,
of the six patients with abnormal circula
tions, four (66% ) developed complications
and in three these were permanent. Our
experience is comparable to that in periph
eral vascular surgery of the lower limb
where a poor outflow is often associated
with poor results. Our results are summar
ized in Table VIII.

TA BLE

C irculation
type

N o. o f
N o. of com plica
patients
tions

D escription

Normal or
com pensated.

44

4

3 transient
1 death

A bnorm al...........

6

4

3 permanent
1 death

TA BLE

V I I I .— C a r o t id -A r t e r y S u r g e r y fo r
C e r e b r o v a s c u l a r I n s u f f ic ie n c y : S ummary

No. of patients. . . . 60
No. of oper.at io n s ..
lte-establishm ent of flow in 78 lesions
partial occlusion................................ (57/57)
complete occlusion.........................
( 6/21)
Clinical improvement in 60 patients
flow re-established............................ (45/53)
flow not re-established.................... ( 2/7 )
Increase neurologic deficit.............
( 6/601
tem porary.....................................
( 3/60)
perm anent.....................................
( 3/60)
D eath s...................................................
( 3/60)

78
(% )
100
29
85
28
10
5
5
5
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myocardial infarction.
In this series of patients we believe that
the operative morbidity and mortality are
acceptable for a disease that without treat
ment carries serious consequences. With
further experience the morbidity and mor
tality may be further reduced. Firstly, this
may be accomplished by carefully remov
ing the atheroma until normal intima is
encountered, by suturing down the distal
intima if necessary, and by careful closure
of the vessel. This can be done more easily
under general anesthesia supplemented by
an internal shunt. Secondly, the patients
should be carefully selected; those with
extensive intracranial vascular disease
should not be submitted to surgery.
R eferen ces
1. M

C. H., S
,
R. G.
W
, J. P.: Cerebral vascular dis
eases. Third conference held under the
auspices of the American Neurological
Association and the American Heart Associ
ation, Princeton, N.J., 1961, Grune &
Stratton Inc., New York, 1961.
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R esume

Nous avons precede a 78 operations sur 60 malades qui presentaient les signes et symptomes
d’insuffisance cerebrovasculaiiv et des signes radiologiques d’arteriosclerose de l’artere earotide extracranienne. Sur le total des occlusions, 57
etaient partielles et 21 completes. II a ete possible
de retablir la circulation dans tous les cas d’occlusion partielle, mais seulement dans 21 des cas
d’occlusion complete. Des 53 patients chez lesquels on est parvenu a retablir la circulation de
l’une ou de deux carotides, 45 (85%) presentaient
une amelioration clinique apres une periode de
postobservation variant de six mois a cinq ans.
Chez les huit autres, deux sont niorts tot au cours
de la periode post-operatoire d’infarctus cerebral,
deux n’ont pas ete ameliores, trois ont empire^ et
un dernier est mort un mois apres l’operation d’un
infarctus myocardique. Des sept patients souffrant
d’occlusion unilaterale complete chez lesquels
l’operation n’avait pas reussi, deux presenterent
un certain degre d’amelioration, quatre demeurerent inchanges et un autre empira lentement. Trois
des 60 malades sont morts, ce qui represente une
mortalite globale de 5%. La morbidite—sous forme
d’une augmentation du deficit neurologique—a ete
egalement de 5%. II devrait etre possible d’anieliorer encore ces resultats par l’emploi de tech
niques plus raffinees et d’une selection plus
attentive des malades; ceux qui presentent une
maladie intracranienne etendue ne devraient pas
etre operes.
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RECONSTRUCTION OF THE OSTEOARTHRITIC KNEE
BY HIGH TIBIAL OSTEOTOMY AND JOINT CLEARANCE
A. M. WILEY, M.B., M.Ch., F.R.C.S.[Eng. & C],® Toronto, Ont.

C ompared with the hip,1,2 spine,3 and
shoulder,4 the pattern of pathological
changes within the degenerate knee joint
has received relatively little study. There
are available, however, earlier extensive
autopsy studies and radiological observa
tions upon this joint5’ 6 and studies relating
to changes following meniscectomy.7 A
further recent investigation8 at the Toronto
Western Hospital, in which adult cadaveric
knees were critically examined, has led to
conclusions that have surgical implications.
It is now generally recognized that the de
formity of the osteoarthritic knee is ac
quired; it is either valgus or varus, and pre
existing deformity of the leg is unusual.
Beyond this, little seems to be known about
the distribution and spread of the intraardcular changes and their influence on
symptomatology.
This paper describes an operation for the
osteoarthritic knee, which has been found
suitable in many cases where surgery is
indicated but arthrodesis is considered to
be too drastic. The operation is presented
as an alternative to the various forms of re
placement arthroplasty and it may also be
applicable to certain patients with rheuma
toid arthritis. The operation is based upon
certain of my observations on the pathol
ogy of the osteoarthritic knee, which are
described briefly below.
P athological and C linical Material
In an earlier study,8 I examined 114
knee joints in adult cadavers. On the intact
cadaver, the line of weight bearing was
marked across the joint with marking ink.
The joint was then totally excised, radiog
raphed and dissected. There was poor cor
relation between the intra-articular pathol
ogy and the radiographic changes. It was
surprising to note that the gross changes
in degenerate knee joints did not depend
“ Suite 306, Toronto Western Medical Building,
25 Leonard Avenue, Toronto 2B, Ont. Division
of Surgery, Toronto Western Hospital and Depart
ment of Surgery, University of Toronto.

Fig. 1 .-Post-mortem dissection showing early
degenerative disease of left knee The line of
weight bearing is marked across joint.

upon the line of weight bearing. The
common osteoarthritic deformity was
valgus. The typical lesion, arising posteri
orly on the lateral tibial condyle, caused a
gradual collapse of the joint. Frequently a
flexion deformity also developed because
of broadening of the upper end of the tibia
in relation to the femoral intercondylar
notch (Fig. 1). In certain specimens, a more
localized degenerative process was found
on the medial side of the knee, being com
monly associated with a neglected menis
cus tear. Again this ultimately resulted in
joint collapse, the deformity in this case
being varus (Fig. 2). In both types of joint
deformity osteophytes were found, particu
larly on the overlying femur, and these
restricted the full excursion of the collateral
ligaments. With the more advanced de
formities, the direction of movement of the
patella was altered and the synovium was
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noted to be chronically thickened. The
intercondylar notch in time became too
narrow for the broadened and angulated
tibial intercondylar eminence. Close exami
nation of these 114 knee joints suggested
that, in many cases, whether the ultimate
deformity was varus or valgus, the abovenoted changes had been initiated by intraarticular trauma. This suspicion was
strengthened when I examined the clinical
material (vide infra).

Fig. 3.—Radiograph of osteoarthritic knees. The
left knee is valgus; the right is in some degree of
varus—an internal derangement was suspected in
the latter.

Fig. 2.—Post-mortem dissection of osteoarthri
tic right knee. The medial side of the joint is in
volved because of an old meniscus tear.

^
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^
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C linical M aterial

Thirty patients with osteoarthritis of the
knee were referred for consideration of cor
rective surgery. (O f these, 12 were subsequently found suitable for osteotomy and
joint clearance.) Many of these patients
had a history of trauma. No patient gave a
history of pre-existing bony deformity, such
as a childhood valgus or varus, though each
deformity was frequently noted in the
standing parient (Fig. 3). All patients had
pain on movement. I made a particular
effort to clarify symptoms interpreted by
the patient as “instability” and concluded

Fig. 4.—Thirty-six-inch radiograph o f post
operative knee showing realignment and method
of fragment fixation.
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that these originated from a flexion de
formity or some internal derangement.
Symptoms attributed to “laxity” of the col
lateral ligaments were difficult to define.
Certain of the symptoms were attributed
to chronic synovitis. In those patients in
whom the knee joint was later exposed,
there was a close relationship between the
symptoms and the intra-articular pathol
ogy. Thirty-six-inch, standing anteropos
terior radiographs were made to detect
minor degrees of joint collapse on one or
the other side of the affected joint.
This type of preoperative record was valu
able in estimating the amount of correction
obtained by subarticular osteotomy (Fig. 4).
Every effort was made to find under
lying internal derangements, such as a
meniscus tear or tags, that might have con
tributed to the degenerative process. Fre
quently arthrograms were made, using
sodium diatrizoate as the contrast medium.
At the time of operation, the information
from these helped to determine the condi
tion of the posterior horn of each meniscus.
O perative T echnique

Fig. 6.—Removal of osteophytes to free the
General anesthesia was used in all pa medial collateral ligament.
tients. On the operating table, the patient’s knee was flexed and the joint was opened
by vertical parapatellar incisions (Fig. 5).
The joint was inspected and, if synovect
omy was required, the membrane was
separated from the femur and tibia medi
ally and laterally. Dissection was some
times carried back beneath the collateral
ligaments. Commonly, a thickened synovial
membrane was found that would strip
easily from the margins of the articularcartilage. Frequently the menisci were
greatly loosened during this joint clearance.
Calcified and damaged menisci were re
moved. As noticed in the autopsy material,
the movement of the collateral ligaments
across the femoral condyles was frequently
restricted by mounds of osteophytes. Only
by removing these osteophytes could the
excursion of the collateral ligaments be
approximated to normal (Fig. 6).
At this stage the range of knee-joint ex
tension and flexion was determined and the
femoral intercondylar notch was widened,
Fig. 5.—Operative incisions for joint clearance if necessary, with a gouge. Indeed, im
pingement of the broadened upper end of
and realignment.
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Fig. 7.—Operative field showing retraction of
patellar tendon and medial ligament, and line
of tibial osteotomy.

the tibia on this area often caused de
generate changes in the femoral inter
condylar notch. The patella was rotated so
that its articular surface could be plainly
seen and patellar osteophytes were trim
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med off. It was not considered advisable to
perform patellectomy in such patients.
Wherever eburnation was encountered on
the tibia or femur, a number of shallow
drill holes were made in the affected area
with a dental burr to encourage the re
growth of a fibrous lining, which later
could be infiltrated by cartilage cells. At
this stage, both the menisci were reattached
at their margins to the collateral ligaments.
After the joint was cleared in this
fashion, the subarticular surface of the tibia
was exposed above the insertion of the col
lateral ligaments, and above the superior
tibiofibular joint. (Between the joint surface
and tibial tubercle at this level there is a
space of about one inch in which to work.)
The soft tissues were dissected away from
the underlying bone medially and laterally,
and retracted. The special retractors used
in exposure of the acetabulum in cup
arthroplasty of the hip have been found
particularly useful for this purpose (Fig. 7).
A curved tibial osteotomy was performed
with the apex just above the insertion of
the patellar ligament (Fig. 8). Drills were
used to begin the bony section, which was
completed with curved osteotomes. Par
ticular care was taken in the division of
the posterior tibial cortex. By this osteo
tomy, varus or valgus deformity was cor-
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rected. After preliminary dissection in this
area, it was found that the proximal frag
ment tilted on the distal fragment to which,
of course, the collateral ligaments remained
attached. Minor degrees of angulation of
the tibial shaft resulting from such tilting
altered the alignment of the whole leg. In
addition, the tension of the appropriate col
lateral ligament increased; that is, tilting
the tibia into valgus tightened the medial
collateral ligament, and vice versa. When
correction of the deformity proved difficult,
it was helpful to excise a small segment of
bone from the distal fragment on the ap
propriate side. Furthermore, a flexion de
formity as great as 30° could be corrected
by widening the osteotomy anteriorly, aug
mented if necessary by removal of a bone
wedge from the distal fragment immedi
ately above the insertion of the patellar
ligament (Fig. 9). The osteotomy was com
pleted by internal fixation of proximal-todistal fragment sometimes using a single
long Sherman screw, which was inserted
obliquely across the osteotomy line in a
distal-to-proximal direction (Fig. 4), and,
more recently, by a specially constructed
nail plate, which promises to be satisfac
tory (Fig. 10). On each occasion every effort
was made to secure rigid internal fixation
to enable early postoperative movement.
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The capsule of the knee joint was re
paired in continuous layers and the skin by

Fig. 10.—Plate and screws for internal fixation
of subarticular osteotomy.

4

A.

interrupted non-absorbable sutures. The
area was drained using a mechanical suc
tion apparatus; the drainage tubes were
brought out through a cast, which was ap
plied from groin to ankle. Suction was dis
continued 48 hours after operation and the
cast was left on for two weeks, after which
active movements of the knee joint were
encouraged. Weight bearing was prohib
ited for eight weeks.
C ase R eport
A 59-year-old railway guard injured his left
knee in May 1963 and tore the lateral menis
cus. He subsequently developed a Baker’s
cyst. At operation there was considerable
osteoarthritis on the lateral side of the aifected
knee joint. The lateral meniscus was removed,
the patient was turned over and the cyst ex
cised. His postoperative course was unsatis
factory because of persistent effusion and pain
in the knee.
Four months later the joint was re-explored.

T A B L E I .— C l i n i c a l D a t a

•4
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At first the knee was opened on the lateral
side through part o f the previous incision. A
second larger medial incision was added and
the joint was cleared, the irregular upper sur
face of the lateral tibial condyle being trim
m ed with particular care. Subarticular tibial
osteotomy was done and a minimal valgus d e
formity was corrected; the proximal fragment
was fixed to the distal fragment with a single,
long, Sherman screw. Synovectom y was not
performed in this case. F ollow ing this, his
postoperative course was satisfactory. His cast
was removed in two weeks and weight bear
ing was begun at eight weeks. He returned to
work as a railway guard after a period at a
rehabilitation centre.
W hen reviewed one year after operation, he
complained o f tenderness behind the insertion
o f the patellar ligament and clicking in the
knee. There was quadriceps wasting, and, in
addition, some medial and lateral instability
o f the joint. H e had a full range o f movement
in the knee and no effusion. H e had returned
to his usual occupation.
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R esults

Of 30 patients undergoing operations on
the knee for osteoarthritis, high tibial oste
otomy and joint clearance was performed
in 12. The clinical data and final results in
these 12 patients are outlined in Table I.
The longest follow-up is two years and the
shortest four months; this last patient is in
cluded because she has already had im
provement in function. One patient was
aged 27, the others were aged 40 or over.
All the men had a clear-cut history of one
or more injuries to the involved knee; in
three the deformity was varus and in two
valgus. All the women had valgus de
formities. Subsequent investigation sug
gested that two of the women had an under
lying quiescent rheumatoid disease. Two
other women had had hip-joint surgery
(McMurray osteotomy) on the ipsilateral
side. No patient had an operation on both
knees.
D iscussion

In the surgical management of the osteoarthritic knee, fusion may spare the indi
vidual patient a great loss of time and
disability. Arthrodesis must, of course, be
considered as a last resort. Patellectomy
alone has a very limited role in the treat
ment of the osteoarthritic knee and there is
no real evidence that the disease process
arises in and spreads from the patellofemoral joint. A large number of patients
remain in whom conservative treatment
does not provide symptomatic relief; it is in
this group that arthroplasty is applicable.
The insertion of a metallic prosthesis in the
knee joint introduces difficulties far greater
than in the hip joint. Furthermore, the
artificial knee joint, recently introduced, is
an experimental and radical method of
dealing with a disability that might be
managed better in some other fashion. Cer
tainly the artificial knee joint will require a
great deal more investigation.
Improvements in methods and equip
ment may introduce fresh possibilities in
the surgical management of osteoarthritis
of the knee. Osteotomy in the treatment of
the osteoarthritic knee912 involves no new
concepts. There is much to be said for a
high tibial osteotomy and, if the area is
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clearly exposed by surgical dissection, it is
not difficult to place the osteotomy above
the ligaments and the patellar tendon. In
the high tibial procedure, the line of osteo
tomy will pass just above the superior tibio
fibular joint. Osteotomy at this site avoids
the attachment of the collateral ligaments,
and transects highly cancellous tissue, cap
able of rapid union. The action of the
patellar ligaments impacts the bony frag
ments. The effect of osteotomy upon the
pain of osteoarthritis is controversial. In
the high tibial procedure, bone section
may relieve pain just as it does in osteo
tomy of the hip.
Knee-joint clearance alone, as a treat
ment for osteoarthritis, has been done with
varying enthusiasm and thoroughness;13’ 14
our results in eight patients with osteo
arthritis were unsatisfactory. Furthermore,
such clearance as a complement to osteo
tomy of the hip is rarely performed. How
ever, not all cases of osteotomy of the hip
are satisfactory and perhaps the addition of
joint clearance to hip osteotomy should be
considered. Hip-joint clearance in conjunc
tion with osteotomy requires an extensive
dissection that is not necessary in kneejoint clearance.
Su m m ary

Following a study of the gross pathology
and symptoms of osteoarthritis of the knee,
a reconstructive procedure was devised that
aimed at the arrest and correction of the
osteoarthritic process. The operation com
bines joint clearance and subtibial osteo
tomy. Internal fixation is used to permit
early postoperative movement. By this ap
proach the variable knee deformities can
be corrected, the collateral ligaments
tightened and stability improved. The
operation avoids the use of metallic im
plants and is an alternative to knee fusion.
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Anal sphincter-preserving operations for
lesions of the rectum merit further study and
re-evaluation. Sphincter-saving operations to
be worth while must provide a degree of con
tinence which allows the patient to withhold
gas as well as feces. If the ability to distin
guish and control anal discharges is not pre
served, it is far better to perform a colostomy.
A regulated stoma created on the abdominal
wall is preferable to a hidden, irritating fistu
lous opening in the perineum.
Historically, four approaches have been
used to eliminate abdominal colostomy. Al
though not the first to remove a growth of the
rectum, Kraske is most often identified with
the approach via the perineum. As far as can
be determined, the first anterior resection was
performed by Cripps in 1897. A third proce
dure was proposed by Hochenegg in 1883;
initially practised through a posterior approach,
it is now combined with an initial abdominal
pelvic dissection before the posterior pullthrough. Maunsell first described the com
bined abdominoperineal resection with pri

ciations with the Orthopaedic Associations
of South Africa, New Zealand, Australia
and France, Vancouver, British Columbia,
Canada, June 15-19, 1964.
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R esu m e
Apres avoir etudie la pathologie globale et les
symptomes de l’osteo-arthrite, l’auteur a concu une
metnode de reconstruction destinee a enrayer et a
corriger le processus osteo-arthritique. L ’operation
comportait une liberation articulaire et une osteotomie tibiale superieure. La fixation interne a pour
but de permettre une mobilite post-operatoire precoce. Par cette methode, les diverses difformites
du genou peuvent etre eorrigees, les ligaments
collateraux reserres et la stabilite amelioree. L ’ope
ration evite le recours aux implants metalliques et
est une autre solution a 1’arthrodese du genou.

mary anastomosis of the sigmoid stump to the
anus.
In a small, carefully selected group of 13
patients, 65% of whom presented with small
polypoid or sessile carcinomas of the midrec
tum, in a combined abdominoperineal pro
cedure, the midsigmoid was sutured to the
anorectum. Th e mortality was zero, and the
functional result of the anal sphincter excel
lent. None of the patients with malignant
growths who have been followed up for from
1% to 18 years developed local recurrence.
Of postoperative complications, the most dis
tressing was posterior fistula formation— six
patients. Four of these have closed spontane
ously with the protection afforded by a tem
porary stoma in the transverse colon.
Too often patients with lesions of the mid
rectum, from 6 to 12 cm. from the anal mar
gin, have been subjected to resection and
permanent colostomy. The technique de
scribed is a safe procedure, and in certain
selected malignant lesions provides a surgical
ly sound cancer operation.— Donaldson, G. A.,
Rodkey, G. V. and Behringer, G. E .: Resec
tion of the rectum with anal preservation,
Surg. Gynec. Obstet., 1 2 3 : 571, 1966.
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TH E E F FE C T S OF DEXAMETHASQNE, NORETIIANDROLONE,
PROMETHAZINE AND A TENSION-RELIEVING PROCEDURE ON
COLLAGEN SYNTHESIS IN HEALING FLEXOR TENDONS AS
ESTIM A TED BY TRITIA TED PROLINE UPTAKE STUDIES
L. C. DOUGLAS, M .D.,8 S. H. JACKSON, Ph.D .f and W. K. LINDSAY, M.D.,
M.S., F.R.C.S.|Cj, F.A.C.S.,$ Toronto, Ont.

R ecently, research in tendon healing and
in wound healing has been concentrated in
the field of biochemistry, particularly the
chemistry of collagen synthesis.1'5 This
concentration is due to several factors.
Collagen is fundamental in the structure of
animal tissue. In studying its formation,
the biochemist and electron microscopist
can examine the forces that operate in the
synthesis of proteins and other biological
compounds. Healing after surgical proced
ures is completely dependent on the for
mation of collagen in the proper quantity,
quality and time sequence; nowhere is this
more important than in flexor tendon sur
gery. For many years we have sought a
method of repairing flexor tendons that
would give strong healing without dense
adhesions or a gap at the line of suture.
These important attributes depend on the
synthesis of collagen and are subject to all
the factors that influence its formation.
C ollagen Synthesis
Collagen synthesis, knowledge of which
has expanded manyfold in recent years,
can be briefly summarized as follows: Dur
ing the substrate phase of wound healing,
the fibroblasts change and large ones with
a well-developed endocytoplasmic reticu
lum appear. The precursor of the collagen
fibril, tropocollagen, is extruded by these
large cells. It consists of three polypeptide
chains, each containing about 1000 amino
acids in a left-handed helix. The sequence
of amino acids in the chain is such that
every fourth position is occupied by gly5Surgical Research Fellow, The Research Insti
tute, The Hospital for Sick Children, Toronto,
Ont.
fChief, Department of Biochemistry, Associate
Scientist, The Research Institute, The Hospital for
Sick Children, Toronto.
f Assistant Professor of Surgery, University of Tor
onto, Associate Surgeon, The Hospital for Sick
Children and Project Director, The Research
Institute, The Hospital for Sick Children, Toronto.

cine and this subunit is followed immedi
ately by either a proline or a hydroxyproline moiety. Tropocollagen has a molecu
lar weight of approximately 350,000 and is
2800 to 3000 Angstrom units ( A0) long by
14 A0 wide. It is soluble in weak, cold,
neutral salts. From tropocollagen, collagen
fibrils are formed through various cross
linkages between molecules; these, in turn,
unite into collagen fibres, and the fibres
into tendon bundles. Throughout this pro
cess the material that is being elabor
ated becomes less and less soluble, from
weak salt through strong salt to weak acid,
and eventually soluble only in strong acid.
This process of collagen fibre formation
reaches its maximum 10 to 14 days after
tissue injury and then slowly declines.
There is evidence of collagen production
up to four months after an injury.0 Second
ary remodelling of the initially formed col
lagen continues for a long time after complete clinical healing has occurred and, in
deed, may go on for years.7
Resolution of initially heavy, tenacious
adhesions to light, filmy ones, which will
allow the tendon to glide, may be due to
this remodelling. However, it is still not
known how the collagen of the initial thick
adhesions becomes altered or why it does
so. More important still, nothing is known
about why one tendon undergoes this de
sirable change and another remains bound
tightly in adhesions, although the initial
injury and the technique of repair may be
almost identical. In a healing wound that
involves tendon, collagen is being formed
throughout the entire area. However, the
ideal final density, strength, alignment and
surface characteristics are different for dif
ferent parts of the wound. An ideal result
has the following features: a tough but
pliable skin; loose connective tissue; smooth
tendon sheath; and a tough, resilient, freegliding tendon. In many cases this ideal
result is achieved. The reason for this is
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not known. In many others it is not
achieved. Again, the reason is not known.
The laying-down of collagen of different
densities and alignments throughout the
wound is influenced by factors that may
be mechanical, biochemical, electrical or
a combination of these. If these factors
were known, theoretically at least, the type
of collagen production in a given situation
could be altered to advantage.
D escription

of th e

E xperim ent

In the present investigation, we at
tempted to influence collagen synthesis by
the systemic use of three pharmacological
agents—a corticoid, an anabolic agent, and
an antihistamine—and a variation in stand
ard surgical technique, namely, transection
of the tendon proximally to reduce tension
after distal laceration and repair (Table I).
By these measures we hoped to produce
changes in collagen formation that could
be correlated with gross alterations in ap
pearance and clinical function.
Collagen production has been estimated
by the use of proline, hydroxyproline and
glycine labelled with isotopes of hydrogen

T A B L E I.— E

x p e r im e n t a l

G

rou ps

S acrifice
G roup
N o. o f
(phase I ) chicken s
1

25

P rocedu re an d
subsequent treatment
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operative
days

Laceration and suture of
tendon

6
10

14
28
84
2

25

24

4

5

(Phase II)

25

25

27

Laceration and suture of
tendon + dexam ethasone for seven days

Laceration and suture of
tendon -T promethazine
for seven davs

Laceration and suture of
tendon
norethandrolone for seven davs

Laceration and suture of
tendon + proxim al tension-relievinjj section of
tendon
Laceration and suture of
tendon + norethandrolone from dav of operation until sacrifice

6
10

14
28
84

N o. o f
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5

5
5
5
5
5
5
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5
rj

6
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28
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5
5
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6
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14
28
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6
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14
28
84

5

5
5
5
5
5

!y

5
5
•
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6
10

rj

14
28
84

5
5
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or carbon.8’ " Tritiated proline was chosen
for this experiment for several reasons: Pro
line and its derivative, hydroxyproline,
constitute 25% of the collagen molecule,
thus assuring a high concentration of the
label; tritium, a hydrogen isotope, emits
weak beta particles and is thus safe to use;
tritium has a very long half-life (12 years)
so decay is not a problem; tritiated proline
is comparatively inexpensive and is easy to
obtain. It has been shown10 that this label
is taken up by healing tendon and incor
porated into collagen in amounts that may
be readily estimated by a liquid scintilla
tion method.
M a t e r ia l s

and

M ethods

Experim ental Agents
D exam ethasone ( 9-alpha-fluoro, 16-al
pha-methyl-prednisolone, Decadron) is a
synthetic hydrocortisone that shares many
of the properties of its analog. It is the
most potent anti-inflammatory glucocorti
coid now available, 0.75 mg. is equiva
lent to 5 mg. of prednisone, or 25 mg. of
cortisone.11 It does not have the sodiumretaining and potassium-losing properties
of the earlier glucocorticoids, but shares
many of their other side effects. The effects
of corticoids on granulation tissue and
wound healing are well known.12 There
are several references to its effects on ten
don healing in the literature.13 15
N orethandrolone ( 17-alpha-ethyl-17-hydroxynorandostenone, Nilevar) is a steroid
that has had a variety of uses—in the
treatment of decubitus ulcer, in fractures,
burns, osteoporosis, anorexia, chronic de
bility, and in attempts to accelerate wound
healing. Its site of action is unknown but
it has been shown to produce a positive
nitrogen balance and to favour retention
and utilization of calcium.18' 17 Other
effects of this agent in the human subject
are an improvement in appetite and an in
crease in the sense of well-being.18 Among
its side effects are suppression of ovula
tion,10 virilizing effects,19’ 20 impotence in
men21 and jaundice.18 No studies of its
effect on collagen synthesis have been re
ported.
Prom ethazine (10-1(2' dimethylamino2-2' methyl) ethyl] phenothiazine, Phener-
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gan), is a phenothiazine derivative that has
been widely used as an antihistaminic. Be
cause of its central and autonomic effects,
it has been used in motion sickness, in
somnia, anxiety, dysmenorrhea and as a
preoperative medication.
Of the many reports concerning phenothiazines, veiy few have dealt with their
effects on fibroplasia,22 and only one on
the effects of this agent on tendon heal
ing.23
Experim ental Animals
Adult female white leghorn chickens
averaging 1500 g. were used. Their ages
ranged from 6 months to 1 year. They
were fed full laboratory diets and housed
in separate cages.
Standard aseptic technique was em
ployed. As premedication, the animals were
given 4 mg. of acepromazine (Atravet) in
tramuscularly 20 minutes before operation.
Regional anesthesia was obtained by in
filtration of 4 c.c. of lidocaine 2% (Xylocaine) about the knee. The skin was pre
pared with cetrimide (Cetabrom) and
aqueous benzalkonium chloride 1% (Zephiran) and was suitably draped. A blood
less field and immobilization were obtained
by the use of retort clamps placed secure
ly about the knee.
A laterally based volar skin flap was
raised on the middle toe of the left foot.
Dissection was carried down to the digital
sheath, which was excised along with the
fibrous tunnels. The flexor sublimis was ex
cised. The vinculum longus was cut. The
profundus tendon was severed near the
region of the vinculum longus. It was then
repaired with a continuous Bunnell-type
suture of 6-0 silk. The skin was closed with
interrupted sutures of 000 black silk. Dry
dressings were applied and the foot im
mobilized in flexion in a plaster cast. Casts
were not removed until after sacrifice ex
cept for those chickens that were sacri
ficed at 84 days. These had their casts re
moved five weeks after operation. This
procedure was performed on control chick
ens and on those receiving the three phar
macological agents.
The procedure carried out to study the
effects of relief of proximal muscle pull was
similar to this procedure, except that a
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second incision was made over the carpus
following the tendon repair described
above. Through this incision the profundus
tendon to the middle toe was identified
and severed as far proximally as possible,
thereby relieving the muscle pull on the
suture line. Closure, dressing and cast were
as previously described.
Grouping of Animals (Table I)
In the first part of the experiment
(Phase I), five groups of chickens each con
taining 25 animals, were operated upon.
Group 1 served as a control group. Group
2 received dexamethasone, Group 3 prome
thazine, and Group 4 norethandrolone.
Chickens of Group 5 were subjected to the
tension-relieving procedure previously de
scribed. Five animals from each group
were sacrificed at six, 10, 14, 28 and 84
days postoperatively.
In Phase II, 25 more animals were oper
ated upon in the manner described and
given norethandrolone daily from the day
of operation until the time of sacrifice.
These animals were also sacrificed in sub
groups of five, at six, 10, 14, 28 and 84
days.
Drug Dosage Schedule
Phase I.—The three drugs were admin
istered daily by the intramuscular route for
seven days, except for the first subgroup,
which was sacrificed after six days of drug
treatment. The dosages used were as fol
lows: dexamethazone, 0.25 mg.; prometha
zine, 25 mg.; and norethandrolone, 1.3
mg.
Phase II.—Norethandrolone, 1.3 mg. was
given daily, intramuscularly, from the day
of operation until the time of sacrifice.
Tritiated Proline Administration
Twenty hours before sacrifice, animals
were given 100 /ic. of tritiated proline per
300 g. body weight (average dose 500 /<,c.)
by the intraperitoneal route.
Assessment of Clinical Function
Function was assessed at two-week in
tervals in the chickens that were not sacri
ficed before the end of the five-week im-
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mobilization time. Flexion was assessed by
perching them on a bar.24
Post-Mortem Examination and Procuring
of Specimens
Immediately after sacrifice, the operative
site was explored and condition of the
subcutaneous tissue, quality and quantity
of adhesions, ability to glide, integrity of
the suture and suture line, and amount and
quality of gap tissue was noted. The tendon
suture was then removed. The tendon was
removed and divided into five segments
(Fig. 1), and the weight of each segment
recorded.

A

B

C

D

E

Fig. 1.—Five zones of tendon for estimation of
tritiated proline uptake.

Determination of Tritiated Proline
Uptake
The simple and effective method de
scribed by Birdsell, Tustanoff and Lind
say10 was employed. It involves hydrolysis
with HC1, alkylation with hyamine hydrox
ide and estimation of radioactivity using a
liquid scintillation counter. The results
were expressed as disintegrations per min
ute (DPM) per 10 mg. wet weight of ten
don.

D a y s Post-op

Fig. 2.—Tritiated proline uptake in
chicken flexor tendons—control group.

healing

84 days. This is similar to the pattern de
scribed by Birdsell. Absolute DPM values
are higher than his because the present
authors used a dosage of tritiated proline
averaging 500 /re. per animal based on body
weight: Birdsell used a standard dose of
200 nc. per animal.
Figures 2 to 6 show that zone C— the
sutured area—has the highest uptake value
in each group of animals. It is therefore
possible to compare each group on the basis
of the findings in this zone. Figure 7 is a
composite of zones C for each group at
each sacrifice time.
Figure 7 shows minimal differences
among the five groups at six days postoperatively. From this time onward the values
for the control group, promethazinetreated group and dexamethasone-treated
group steadily increase to a maximum level

R e su l t s

Diagrammatically Fig. 2 shows the up
take of tritiated proline at each zone of
the segmented tendon in the control group.
Values are plotted under the appropriate
zone for each time interval. This curve is
similar to that reported by Birdsell.10 Maxi
mal values are seen in the sutured area at
all time intervals, with a gradual tapering
off in both directions. There is still a con
siderable degree of activity at zones A and
E, which are some distance from the su
tured area.
The present series shows a maximal pro
line uptake at 28 days with a sharp fall at

D a y s Post op

Fig. 3.—Tritiated proline uptake in the dexamethasone-treated group (0.25 mg. daily for seven
days except for the six-day sacrifices).
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Days Post op

Fig. 4.—Tritiated proline uptake in the prome
thazine-treated group (25 mg. daily for seven days
except for the six-day sacrifices).

Fig. 6.—Tritiated proline uptake in the proxi
mal tension-release group.

at 28 days. Throughout this period the up
take curves are similar except that the dexamethasone group has a higher value at
84 days, which is not statistically signifi
cant (.2 < P < .3).
The norethandrolone-treated group is
decidedly different from the control group.
At 10 days the uptake is significantly high
er (.001 < P < .01). A peak is reached at
14 days (.2 < P < .3). Values then fall
sharply at 28 days (.05 < P < .1). Proline
uptake is again close to that of the con
trol group at 84 days.
Results with the proximal tension-reliev
ing procedure are also strikingly different.
From an initial value at six days slightly
below the other groups, it rises slowly. It
remains significantly lower than the con
trol up to 28 days; 10 days (.02 < P < .05),

14 days (.001 < P < .01), 28 days (.001
< P < .01). At 84 days the value exceeds
that of the control group but this is not
statistically significant (.2 < P < .3). How
ever, the value at this time is higher than
at any previous time.
The finding of statistically significant
differences between the norethandrolonetreated group and the control group
prompted further study. The drug was
given initially for seven days, but uptake
differences were most marked after it had
been discontinued. Therefore, in Phase II,
a second group of 25 chickens was operated
upon and norethandrolone in a dose of 1.3
mg. was administered daily from time of
operation until sacrifice.

Fig. 5.—Tritiated proline uptake in the nore
thandrolone-treated group—Phase I (1.3 mg. daily
for seven days except for the six-day sacrifices).

Fig. 7.—A comparison of the tritiated proline
uptake in zone C, the area of maximal uptake for
the five experimental groups.
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T A B L E II. — G
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operative
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S lig h t
edema

+ +

10
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14
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edema

++

1— C

on trol
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Few, filmy

1 /5 3-m m . gap

Few , filmy
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28

Normal

++

84

Normal

+++

M oderate
3/5
H eavy 2/5

2/5

.02).

<
D

is c u s s io n

Tendon healing appears to have been
affected by each of the variables intro
duced into this study. Norethandrolone
and relief of proximal tension produced a
significant change in tritiated proline up
take, which is regarded as an indication of
altered collagen formation.25
The results obtained in the Group 1 con
trols are shown in Table II.
D exam ethasone (Table III)
In the dosage used, dexamethasone re
tarded healing as compared to the con
trol group (Table II). Skin healing was
delayed. The tendon glided well for the
first 14 days and only light filmy adhesions
were present. However, at this stage, there
was spontaneous rupture about 3 cm. prox
imal to the suture line in one chicken.
Adhesions rapidly increased after this time
and at 84 days they were very dense.
Three of the five animals sacrificed at
84 days could not flex the operated digit.
At post mortem, the tendon segments were
separated by a large gap, and the free
ends of the tendon were bound to sur
rounding tissues by dense adhesions. One

R em arks

None

++

++

The results are shown in Fig. 8. The
only difference is in the 14-day group;
these animals had an increase in uptake
over that seen in animals that received
the drug for seven days only. The differ
ence between the 14-day group and the
control group is now significant (.01 < P

rou p

+ + +

3/5

Fig. 8.—Tritiated proline uptake in the norethandrolone-treated group—Phase II (1.3 mg. daily
until sacrifice).

G

3/5 excellent
function
1/5 fair function
1/5 disruption a t
suture line

* + + - f - f excellent, + + + good, + + fair, + poor, 0 none.
**R esu lts for each subgroup are th ose for five anim als, unless
stated otherwise.

chicken had fair function and only one was
considered good. In all of the chickens
that had poor results, the tritiated proline
uptake was not significantly altered.
Several papers in the literature describe
the effects of corticoids on tendon heal
ing. Most have reported either no signifi
cant change,13,26,27 or an unfavourable
result.15 Lindsay28 in 1959, using systemic
cortisone, 7 to 10 mg./kg. daily in the
chicken, found greatly increased adhesions
after about 10 weeks. Fifteen animals of
his series could not flex the operated toe,
while four had good flexion, and only one
was considered excellent.
These reports illustrate the gross effects
of corticoids on tendon healing. However,
the effect does not appear to be specifically
directed to collagen synthesis per se. Our
results are similar to those of Nocenti et
al.,20 who found that dexamethasone re
duced the amount of granulation tissue
in experimentally produced granulomas.
However, they found no alteration in the
total hydroxyproline content of the tissue
when expressed as a fraction of dry weight
TABLE
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14
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28

Normal
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tough
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84
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V ery heavy

1/5 good function
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suture line
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and suggested that the effect of corticos
teroid might represent a generalized de
pression of the activity of the cells re
sponsible for connective tissue formation
rather than a specific effect on collagen
synthesis.
Roberts, Kamofsky and Frankel30 re
ported an increase in free hydroxyproline
in chick embryos injected with cortisone.
This, and similar reports, gave rise to the
belief that the drug inhibited collagen
formation. However, it is more likely that
the gross effects are, as stated by Gerarde
and Jones31 and Ragan el al.,3'2 the result
of early transient inhibition of fibroblast
migration. Gerarde did not find a decrease
in collagen production in tissue cultures
of lung and intestine, even in the presence
of cortisone far in excess of therapeutic
levels.
Spontaneous rupture of a tendon
occurred only once in this series, in a
chicken in the dexamethasone-treated
group. This phenomenon has been de
scribed in humans receiving steroid ther
apy.33' 34
Corticoids inhibit mast-cell activity and
have been shown to affect the uptake of
radioactive sulfur into mucopolysacchar
ides of these cells. The total mucopolysac
charide content of a healing wound is low
ered. Reticuloendothelial-cell regeneration
is depressed as well. These effects have
been reported by several workers.12 Layton,33’ 30 who found a decreased uptake of
radioactive sulfate in healing wounds in
cortisone-treated animals, believes that this
indicates inhibition of chondroitin sulfate
synthesis. This mechanism of action could
produce the changes noted in our study.
In his series, Lindsay28 noted evidence
of toxicity consisting of abscess formation,
development of stasis ulcers and edema.
Such effects were not observed in the pres
ent series, probably because we used about
two-thirds of the equivalent dosage of cor
tisone that he did and employed dexamethasone, which has a lower incidence of
side effects.
The results of this part of the experi
ment did not promise early clinical ap
plication. Further trials employing a grad
uated dosage schedule might yield useful
information, but it appears unlikely that

this drug has any value in improving ten
don healing.
Prom ethazine ( Table IV )
In the chickens in the promethazinetreated group, there appeared to be a delay
in the healing process initially. Adhesions
were few and filmy up to 14 days. Tendons
glided easily during this period. At 28
days, there were many dense adhesions
and the subcutaneous tissues were tough
and fibrous. However, at 84 days this
changed and adhesions decreased marked
ly. Ability to glide was improved and all
animals showed excellent function.
TA BLE

IV .— G

roup

3— P

r o m e t h a z in e - T r e a t e d
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0
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bound down

84*

N orm al

+ + +
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filmy

Excellent function

*F o u r anim als only.

These results compared favourably with
the control series. Walker, Bensley and
Lindsay23 noted a prolongation of the stage
of degeneration followed by an accelerated
phase of growth and maturation. An in
creased incidence of spontaneous rupture,
stasis ulceration and infection was also
noted. These complications were not en
countered in the present study; this may be
due to the lower dosage employed.
The use of promethazine is not without
danger in the chicken. Five animals died
suddenly within a few minutes of admin
istration, three on the day of operation and
two after receiving their third dose. The
operative deaths were probably due to the
potentiating action of promethazine on the
local anesthetic agent. The other deaths
are unexplained except as an idiosyncrasy
to the drug.
Lindsay28 suggested that optimum time
for administration of promethazine was one
to seven days, and the present study ap
pears to confirm this. He obtained an im
provement in function with drug dosages
comparable to ours.
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However, even though these changes
were noted, the tritiated proline uptake
levels were essentially unaltered (compare
Figs. 2 and 4 ). Thus, promethazine appears
to exert its effects on tendon healing sole
ly through its antihistaminic and antisero
tonin actions. It is probable that these
actions suppress the effects of these me
tabolites, which are released at the site of
tissue injury. They are prime factors in the
development of the inflammatory reaction
and their suppression, at this critical mo
ment in the healing sequence, reduces the
amount of fibroplasia and the vascularity
of the area. After the administration of the
drug there appears to be a rebound phe
nomenon, which is seen at 28 days and
consists of an increase in adhesions and in
the toughness of the subcutaneous tissue.
Following this period, it seems to resolve
and the adhesions at 84 days are light and
filmy.
Promethazine has given encouraging re
sults in this experiment and the dosage
appears to be adequate.

Norethanclrolone (Tables V and V I)
Animals treated with this drug began to
show signs of healing very early. At six
days postoperatively there was a definite,
fine bridge of tissue at the cut ends of the
tendon and a few loose, but definite ad
hesions. At 10 days, the changes were strik
ing and the subcutaneous tissues were very
tough, and adhesion formation was in ex
cess of that seen in the control series. There
was some diminution in adhesions at 14
days, but adhesions at 28 days were simi
lar to those in the 10-day group. At 84
roup—

| ||:
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G roup — P hase 11
Post
operative
days

Subcu
taneous
tissues

Ability
to glide

Adhesions

6

Normal

+ + +

Few, light

10

Tough

++

Moderate,
light

14

Normal

+ + +

Few, filmy

28

Normal

++

Moderate,
tough

84*

Normal

+ + +

M any but
resilient

reated

Remarks
Definite beginning
o f union

Good healing
2 /7 disruption at
suture line
5 /7 excellent func
tion

*Seven animals.

days three animals showed excellent, and
the remaining two, good function.
There was a sharp increase in the triti
ated proline uptake at 10 days, correspond
ing with the development of heavy adhe
sions. The uptake continued to increase to
a maximum at 14 days. This maximum
value was higher than that found in any
other subgroup at any time. The uptake
then fell sharply at 28 days and continued
to decline at 84 days (Fig. 5).
The synthesis of collagen had obviously
been stimulated markedly. Although the
drug had been given for seven days, its
effects had been noted first at 10 days and
were most marked at 14 days. The sharp
drop at 28 days was also very different
from control results.
The same type of curve was obtained
in Phase II with a sharp increase in uptake
at 10 days, a maximum at 14 days and a
fall at 28 days. Levels at 84 days were simi
lar to those at 28 days. The levels reached
at 14 days were slightly higher in this
phase than in the group treated with norethandrolone for only seven days (Phase I),
but there were no other differences
(Tables V and VI, Figs. 5 and 8).
The specific biochemical actions of norethandrolone are not completely under
stood but its action in stimulating the syn
thesis of mucopolysaccharides is held to be
chiefly responsible for its effects on heal
ing fractures.37 This effect is probably re
sponsible for the changes seen in this
series. A sharp drop in proline uptake at
28 days is seen in both the animals receiv
ing the drug for the full period, and those
receiving it for only seven days. This sug
gests that the influence on collagen syn-
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thesis is early only, and cannot be sus
tained by prolonged therapy. It also
suggests that, following the initial stimulus,
some sort of rebound suppression occurs.
Clinical function of the digit postoperatively was similar in both phases and com
pared favourably with the control group.
On the basis of the present findings
alone, norethandrolone therapy cannot be
recommended in flexor tendon surgery.
Further study, including estimates of the
breaking strength of tendons at various
time intervals, should be done. Grossly, the
healing process seems to be speeded up,
and the biochemical findings confirm this.
If this is so, the obvious clinical application
would be to reduce the immobilization
time following operation. This might reduce
the incidence of joint stiffness and the num
ber of adhesions, both of which are related
to prolonged immobilization.

Proximal Ten.sion-Relieving Group
(Table V II)
This group showed striking changes.
The healing process was slowed and ad
hesions were much less at all stages of the
experiment. At 84 days, there was definite
union at the suture line but it appeared to
be weaker than in the control group. The
usual exuberant mass of tissue at the su
ture line was not seen.
Tritiated proline uptake levels remained
significantly lower than the controls
throughout the experiment, except in the
84-day group. With the exception of the
fall at 28 days, uptakes appeared to in
crease steadily over the entire period. It
appears that a maximum, perhaps opti
mum, level of collagen formation must be
reached in every healing tendon. This was
reached at 28 days in the control and in
the dexamethasone- and promethazinetreated groups, and at 14 days with nore
thandrolone. It may be that it is reached
much later than 84 days when proximal
tension is removed.
The effect of tension on healing tissue
has been investigated by several workers
who claim that it is important in
proper tendon healing38 and conversely,
that it is harmful.89 Absence of tension im
pairs the quality of healing, and excessive
tension leads to gap formation. These facts
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are established. However, absence of ten
sion also reduces adhesions without mark
edly inhibiting healing. Therefore, it seems
feasible to protect the suture line by relief
of tension until healing is well established,
and then to apply normal tension again.
This has been attempted by the use of
proximal sutures39 and transfixion with
needles and wires.40 No strikingly success
ful results have been obtained by these
methods. A tendon is under constant ten
sion and attempts at immobilization with
rigid materials such as needles and wires
fail within a short time, because this ten
sion either breaks the material or makes
it cut through the tendon.
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P ost
operative
day s

S ubcu 
taneous
tissues

A bility
to glide

Adhesions

6

S lig h t
edem a

+ + + +

None

10

Normal

+ + +

Light,
filmy

14

N orm al

+ +

Moderate,
filmy

M inim al evidence
of healing

28

Normal

+

M any,
tough

Suture line soft
with poor orien
tation of tissue

+ + +

Light,
filmy

Tendon in co n ti
nuity bu t suture
line weak and
thin

84

Normal

R em arks

1/5 2-min. gap
No healing

Proximal transection releases tension
completely. After sufficient healing of the
original lesion, anastomosis can be done
at the proximal site. In the human hand,
laceration of a flexor tendon within the
digital sheath might be treated by suture
and proximal transection of the tendon at
the wrist. Adhesion formation in the finger
would thus be reduced. Tendon anastom
osis at the wrist is not usually attended by
troublesome adhesion formation.

i
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Summary

The effects of a corticoid (dexametha
sone), an antihistamine (promethazine) and
an anabolic agent (norethandrolone) on
collagen synthesis in healing chicken ten
don have been investigated. The effects of
relieving tension on a sutured tendon have
also been studied. At regular intervals
over a three-month period, clinical function
and the appearance of the healing tendon

A
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R E N A L M E T A B O L ISM W IT H PR O X IM A L
O R D IST A L U R E T E R A L O C C LU SIO N
In previous experiments on dogs, Schirmer
observed that distal occlusion of the ureter
resulted in varying degrees of hydronephrosis
which m etabolically was associated with an
increased ability to form lactic acid anaerobic
ally while the consumption of oxygen was de
creased. Murphy and Scott found that total
direct renal blood flow was increased immedi
ately after either distal or proximal ureteral
occlusion and was decreased after 24 hours of
either variety of ureteral occlusion. This de
crease in renal blood flow was progressive
thereafter. Renal resistance proportionally rose
as renal blood flow decreased. The present
experiments w ere carried out to examine the
influence of prolonged ureteral occlusion upon
renal metabolism in relation to the level of
occlusion. Differences in m etabolic activity in
these ureterally occluded and ischemic kid
neys have been sought to clarify critical meta
bolic and morphologic cellular alterations in
the hydronephrotie kidney.
T h e authors did not demonstrate any dif
ferences in urine flow or glomerular filtration
rate during ureteral occlusion. Anuria was
usually observed in both groups of dogs after
2 0 to 25 days of ureteral occlusion. Changes
in renal m etabolic activity cannot then be
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R esume
On a etudie les etfets exerces sur la synthese du
collagene par un cortico'ide (dexamethasone), un
antihistiminique (promethazine) et un anabolique (norethandrolone) pour evaluer le degre de
cicatrisation du tendon de poulet. On a egalement
etudie le soulagement de la tension sur un tendon
suture. A intervalles reguliers pendant une periode
de trois mois, on a estime la fonction clinique et,
a la necropsie, on a examine l’apparence du ten
don. Ces constatations ont ete comparees au rythme
de la synthese du collagene dans le tendon, d’apres
une methode utilisant la fixation de proline traitee
au tritium.
Sur la cicatrisation, le dexamethasone eut un
effet defavorable et la promethazine un effet fa
vorable. Aucun des deux medicaments n’a altere
la synthese du collagene.
Le norethandrolone a accelere la cicatrisation
et la synthese du collagene pendant les deux semaines post-operatoires.
Le soulagement de la tension par une section
proximate du tendon a permis de reduire notablement la formation d’adherences et a egalement
diminue le rythme de la synthese du collagene.

attributed to glomerular filtration rate persist
ence or alteration.
These studies demonstrated that the critical
metabolic response of the hydronephrotie kid
ney correlates well with the duration and loca
tion of the obstruction to urine flow, with the
secondary morphologic renal alterations, and
is not a direct result of the reduction of total
renal blood flow.
Chronic proximal or distal ureteral occlu
sions, despite similiarity in reduction of renal
blood flow, result in different types of hydro
nephrosis and in different altered levels of
elevation in anaerobic glycolytic ability. The
observed rise in anaerobic glycolysis reflects
the capacity of th e renal emergency system to
react to focal increases in renal tissue pressure
and anoxia. Proximal ureteral occlusions are
associated with an early activation of this sys
tem because of the development of a midpolar
intrarenal
hydronephrosis. Distal ureteral
occlusions are associated with a more delayed
renal emergency m etabolic activation because
the hydronephrosis is largely extrarenal. The
greatest elevations of renal anaerobic glycolysis
were found early in the midpolar region where
the focal pressure was greatest, the tissue thin
ner, and the degree of anoxia more profound.
— Horst, K. A. e t a l Renal metabolism with
proximal or distal ureteral occlusion, Surg.
G y n ec. O b stet., 123: 5 3 9 , 1 9 6 6 .
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THE EFFECT OF HISTAMINE STIMULATION ON THE NET IONIC
FLUXES IN IIEIDENHAIN AND PAVLOV FUNDIC POUCHES’
G. K. WLODEK, M.D., C.M., M.Sc., F.R.C.S.[C]t and R. K. LEACH, B.Sc.,
Montreal, Que.

human stomach is a unique organ in
that its mucosa is able to contain an acid
solution against a concentration gradient.
This property is not present elsewhere in
the gastrointestinal tract and is more pro
nounced in the body of the stomach than
in the antrum.1 It has been attributed to
the ability of the mucosa to prevent the
loss of hydrogen and sodium ions and has,
therefore, been termed “the mucosal bar
rier to sodium ions”.2 Sodium and hydro
gen ions compete for the one mechanism
in the gastric mucosa by which they leave
the lumen, but hydrogen ions are greatly
favoured so that sodium ions must outnum
ber them by a factor of 10 before they can
leave the gastric contents.3 In a stomach
that contains an acid solution, the con
centration of hydrogen ions is significantly
higher than the concentration of sodium;
this results in a loss of hydrogen ions,
which are replaced by sodium to attain
osmotic equilibrium.
This concept, first proposed by Teorell4
as “the diffusion theory of gastric acid reg
ulation”, has since been supported by many
authors.
The mucosal barrier to sodium and hy
drogen ions confers on the stomach the
ability to contain an acid solution, but this
is a variable phenomenon, which can be
influenced by numerous physiological and
chemical means. Davenport, Warner and
Code2 have shown that it can be destroyed
by the intragastric instillation of eugenic
acid (Eugenol), which is a strong stimu
lant to gastric mucus secretion. This re
sulted in free loss of hydrogen ions from
the gastric contents and their replacement
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by sodium ions without interfering with
the ability of the parietal cells to secrete
acid. Davenport5, (! has demonstrated that
the absorption of short-chain fatty acids
and acetylsalicylic acid through the gastric
mucosa also disrupts the ability of the mu
cosa to contain an acid solution. Similar
findings were reported by Flemstrom,
Frenning and Obrink7 in experiments
using acetic acid in cats. Bond and Hunt3
used sodium fluoride and mersalyl and
demonstrated an increased loss of hydro
gen ions in exchange for sodium, and
pointed out that the loss is dependent on
the content of hydrogen ions in the gastric
contents. The absence of hydrogen ions in
the gastric lumen prevented their loss, and
excessive gains of sodium did not occur.
All of these effects have been shown to be
temporary and the ability of the mucosa
to contain an acid solution will return
after a suitable recovery period. If the
damage is prolonged or if the concentration
of hydrogen ions in the lumen is high, the
massive flux of hydrogen ions across the
mucosa results in eventual damage indi
cated by hemorrhage and presumed super
ficial ulceration.'1
Thus it may be seen that the mucosal
barrier to sodium is also a protective me
chanism, which resists the acid-peptic di
gestion of the intragastric contents.
The resting stomach has been shown to
be relatively incompetent in retaining
hydrogen ions. The instillation of an acid
solution into a non-secreting stomach re
sults in a slow but very significant loss of
hydrogen ions and their replacement by
sodium. Davenport, Warner and Code2
working with Heidenhain fundic pouches
demonstrated that, under basal conditions,
this preparation lost more hydrogen ions
than were secreted into it, and this loss was
approximately equal to the net gain of
sodium ions. No investigations have been
performed on the innervated gastric pouch
to assess the effect of vagal innervation on
the mucosal barrier to sodium ions. It is
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Time
(min.)

and

F ollo w in g H is t a m in e A d m in is t r a t io n *

Volume
(c.c.)

3 0 ....................
0 0 ....................
9 0 ..........................
120.............
150......................
Average basal............. .....................
180....................
210................
240 ....................

.....................

1.07
13.7

H+
flux

H+
loss

Cl~
flux

Na+
flux

K+
flux
12
7
6
6
6

-

147
137
127
132
105

(264)
(235)
(233)
(234)
(221)

+
+
+
+
+

117
98
106
102
116

+257
+262
+ 196
+232
+203

-

129

(237)

+ 108

+230

+ 902
+2150
+ 1464

(110)
(164)
(35)

+ 1012
+2314
+ 1499

+ 165
+ 133
- 18

M

ethod

In our laboratory we have perfected an
experimental technique by which we are
able to study the ionic changes that occur
within a gastric pouch, without repeatedly
emptying the pouch contents.9 This was
accomplished by using polyethylene glycol
(molecular weight 4000) as a volume
marker in the solution used to fill the iso
lated pouch. The removal of half-hourly
samples allows us to measure the ionic
concentrations at each time interval and,
by measuring the dilution of polyethylene
glycol (P E G ) the change in volume can
be calculated. From these findings the net
ionic changes, whether gains or losses, are
measured for each half-hour. Only experi
ments with a PEG recovery rate of 98 to
102% were considered valid and were in
cluded in this study. Each half-hour
sample of 5 c.c. was analyzed for PEG
content by the method of IIyden,10 chlor
ides by the method of Schales and Schales11

h

L

22
48
17

and hydrogen ions by titration with 0.01
normal NaOH to the phenolphthalein endpoint. Sodium and potassium determina
tions were done by flame photometry.
Five mongrel dogs were used for the ex
periment, three had Pavlov innervated
fundic pouches and two had Heidenhain
denervated pouches. All experiments were
done after a 24-hour fast and the animals
were resting in Pavlov stands throughout
the four-hour experiments. The pouches
were filled with a balanced physiological
solution containing HC1, 100 mEq./l.; NaCl,
15 mEq./l.; 0.078 normal mannitol and
PEG 10 g./l. The contents were allowed to
stabilize for 20 minutes at a pressure of 10
cm. of water and then five basal half-hour
readings were obtained. Histamine acid
phosphate 3.0 to 5.0 mg. was given sub
cutaneously preceded by 20 mg. of diphen
hydramine (Benadryl) intravenously. Fol
lowing the histamine administration, the
ionic and volume changes within the
pouches were recorded for a further three
half-hour periods. Fifteen experiments were
carried out on the two Heidenhain pouch
animals and eight of these studies after
histamine administration were satisfactory.
Ten experiments were performed on the
three Pavlov-pouch animals and, in six of
these, the studies after histamine adminis
tration were satisfactory.
R

*

7 .4

3.0 to 5.0 mg. of histamine acid phosphate was given subcutaneously at 150 minutes. The results represent the averages of 15 basal experiments in two animals and eight experiments after histamine The
individual net ionic fluxes are recorded in nucroequivalents as either net gains (positive values) or net losses
(negative values).

accepted that the gastric mucosa, when
stimulated to secrete acid, is more com
petent and allows a smaller loss of hydro
gen ions in exchange for sodium.
The experiment described in this paper
was designed to compare the net ionic
fluxes that occur within denervated and
innervated fundic pouches before and
after histamine stimulation. Our objective
was to determine if vagal innervation ex
ercised any influence on the ability of the
mucosa to contain an acid solution.
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The average net ionic fluxes and volume
changes in the Heidenhain pouches are
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shown in Table I. The basal values repre
sent the averages of 15 experiments in two
animals, while the values after histamine
administration are from eight of these ex
periments. Three sets of post-histamine re
sults were not included because of hemor
rhage into the pouch contents, and the
remainder did not receive histamine. The
volume changes per half-hour are recorded
in cubic centimetres and were calculated
from the dilution of PEG in the irrigating
solution. The average net ionic fluxes are
given in microequivalents and are recorded
as either positive values representing
pouch gains, or negative values that
represent actual pouch losses per unit time.
The values labelled “hydrogen-ion loss” are
calculated by assuming that the net gain
of chloride ions represented the basal se
cretion as hydrochloric acid; the actual
total loss of hydrogen ions is, therefore, the
difference between secreted hydrogen (as
suming it to be equal to the net gain of
chloride) and the net flux of hydrogen as
measured in our preparation. Thus, for the
average basal value, it is 108 (assumed
HC1 secretion) plus 129 (measured H +
net flux) equals 237 /rEq. of hydrogen ions.
This means that 2.37 / Eq. of hydrogen ions
were exchanged for 230 of sodium.
After histamine stimulation, the volume
secreted and net fluxes of hydrogen ions,
chloride and potassium greatly increase.
The net flux of sodium ions falls progres
sively and represents a decreased reabsorp
tion of hydrogen ions in exchange for
sodium. This represents an increased abil
ity of the denervated fundic pouch to conTA BLE

H+
( I0 8 )^u. moles

Cl~
108,41. moles

Fig. 1.—A graphic representation of the mea
sured net ionic fluxes in 75 basal 30-minute peri
ods in a resting Heidenhain pouch. The actual
measurements of chloride, hydrogen, sodium and
potassium are given in microequivalents. The as
sumed values of H ' loss and H + secretion are
given in brackets. (Average basal secretion = 1.07
c.c.)

tain an acid solution after histamine stimu
lation.
In the Heidenhain pouch under basal
conditions, the measured and assumed net
fluxes of ions are shown schematically as
the result of secretion of HC1, and ion ex
change of sodium and hydrogen (Fig. 1).
This represents the average values of 75
half-hour periods. The assumed values are
shown in brackets. This is an oversimpli
fication of the actual fluxes because it is
well recognized that some sodium is re
absorbed during this period. Also a small
portion of the sodium and chloride values
are due to secretion of mucus and some
hydrogen ions will be buffered by alkaline
secretion of base. These latter values are
small and will reduce the actual values
shown equally. They are omitted for pur
poses of clarity in the demonstration of net

I I .— T he V o lu m e a n d N e t I o n ic F l u x e s in I s o l a t e d P a v l o v P o u c h e s U n d e r B a s a l C o n d i 
t io n s an d F o l l o w in g H is t a m in e A d m in i s t r a t io n *

Time
(min.)

1
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NET IONIC FLUXES

Volume
(c.c.)

H+
flux

H+
loss

Cl~
flux

(190)
(275)
(212)
(243)
(261)

+
+
+
+
+

30....................................................
60....................................................
90
120....................................................
150....................................................

1.09
1.02
1.31
1.07
1.34

-

Average basal..................................

1.17

— 61

180 ..................................................
210
240

3.61
9.84

29
90
28
49
107

+ 304
+1659
14.91+2321

(238)
(350)
(180)
(220)

161
185
184
194
154

N a+
flux

K+
flux

+241
+195
+222
+217
+253

+
+
+
+
+

5
8
7
7
5

+ 177

+226

+ 6.4

+ 654
+1839
+2541

+135
+102
+ 59

+31
+61
+68

*3.0 to 5.0 mg. of histamine acid phosphate was given subcutaneously at 150 minutes. The results re
present the averages of 10 basal and six post-histamine experiments in three animals. The individual net ionic
fluxes are recorded in microequivalents as either net gains (positive values) or net losses (negative values).
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ionic fluxes. It is evident from this graphicrepresentation that the pouch is secreting
108 /iEq. of hydrogen ions but the result is
a net loss of -129 /uEq., due to an ex
change of 237 /iEq. hydrogen for 226 //Eq.
of sodium. These figures represent an ionfor-ion exchange across the mucosa and are
a measure of the ability of the pouch to
contain an acid solution. The actual hydro
gen content of the preparation at any time
varies from 5000 to 2000 //.Eq., and this loss
of 237 /iEq. is very small considering the
high concentration gradient between pouch
contents and interstitial tissue. Neverthe
less, it represents a slightly incompetent
mucosal barrier to the hydrogen and sodi
um ions.
The results of 10 experiments in the Pav
lov pouch dogs are shown in Table II. The
post-histamine values represent the results
of six experiments where histamine was ad
ministered. The average of all 50 half-hour
basal values is shown graphically in Fig.
2, demonstrating the measured net fluxes
H+
( 1 7 7 ) ^ m o le s

C l"
I7 7 >a m e le s

Fig. 2.—A graphic representation of the mea
sured net ionic fluxes in 50 basal 30-minute peri
ods in a resting Pavlov pouch. The actual
measurements of chloride, hydrogen, sodium and
potassium are given in microequivalents. The
assumed values of H + loss and H+ secretion
are given in brackets. (Average basal secretion =
1.17 c.c.)

in the innervated preparations at basal
levels of secretion.
In the Pavlov pouches there was an in
creased volume of secretion after histamine
administration and the net gains of hydro
gen, chloride and potassium ions were
greatly increased, while net gains of sodium
decreased dramatically. This is taken as a
measure of the increased ability of the his
tamine-stimulated pouch to contain an acid
solution.

The resting values of the Pavlov pouches
show that the average secretion of chlor
ide ions is significantly increased over that
seen in the denervated pouches. These
values are 108 and 177 /iEq. respectively.
In spite of this increased secretion, there

NET IONIC FL U X E S
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is a large loss of hydrogen ions and the
result is that the net flux of hydrogen is a
loss of 61 /iEq. The calculated total loss of
hydrogen ions is again approximately equal
to the measured net flux of sodium.
The reported results of the sequential
half-hourly net ionic fluxes were constant
and reproducible in each animal. The con
secutive half-hourly values for the Heidenhain and Pavlov pouches are illustrated by
the bar graphs in Figs. 3 and 4. The results
for these basal values are uniform and dem
onstrate the constant half-hourly net loss
of hydrogen ions from the pouch contents,
which occurs before stimulation with hista
mine.
Pavlov

Heidenhain

7 5 l - t i o v r te s ts
2

Fig. 5.—Comparison of basal net ionic fluxes
and volume changes per 30 minutes in Pavlov
(50 experiments) and Heidenhain (75 experiments)
pouches.

Figure 5 compares the average values of
all the basal half-hours in the Pavlov and
Heidenhain fundic pouches. The assumed
hydrogen-ion loss in each is illustrated by
the blank area and is seen to be exactly
equal to the net gain of sodium in each
preparation. These two values are estimates
of the ability of the pouches to contain an
acid solution and are seen to be equal in
the two types of preparations. The Pavlov
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pouches show an increased volume secre
tion and a marked increase in the net flux
of chloride ions; these two values illustrate
the increased secretion in the innervated
over the denervated pouches.
D iscussion

These experiments demonstrate the ionic
changes as they occur in a physiological
environment undisturbed by repeated emp
tyings and distensions, and they show the
two mechanisms by which the final gastric
secretion is produced: first, the actual se
cretion of ionic components into the pouch,
and second, the effects of exchanges of ions
across the resting or stimulated mucosa.
Therefore, the acidity of externally col
lected gastric secretion is not a simple
product of mucosal secretion, but rather
the result of two distinct processes: secre
tion and ion exchange.
The net ionic fluxes in our resting pouch
experiments demonstrate that the reab
sorption of hydrogen ions is an important
phenomenon. We see that, at basal levels
of stimulation, more hydrogen ions are
absorbed in exchange for sodium than are
actually secreted. This results in an apparrent negative secretion. It may be argued
that the sodium influx represents the “nonparietal” or “alkaline” secretion, which
neutralizes the available hydrogen ions.
However, we have shown that, after stimu
lation hy histamine, the levels of sodium
within the gastric pouches is markedly de
creased rather than increased, as would
be expected if this were due to mucus or
other non-parietal secretion.
In the innervated and denervated
pouches, the net gains of sodium are nearly
identical. This is of significance. The re
ported results show that the innervated
pouches have a higher chloride secretion,
which can only mean an increased secre
tory activity as expressed by hydrochloricacid secretion. Yet, in comparing the total
losses of hydrogen ions from the pouches,
it is evident that they are similar in the
two groups of animals and are identical
with the measured sodium gain. These
findings suggest that the exchange of hy
drogen for sodium is of equal magnitude
in spite of vagal innervation and increased
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secretion of acid. The figures for volume
secretion, chloride net flux, and acid secre
tion after histamine show that the Pavlov
pouches were actually smaller than the
Heidenhain. This makes the finding of
equal sodium gains per 30 minutes even
more significant because they represent
hydrogen losses in exchange for sodium
through a smaller surface area. The mu
cosal barrier of unstimulated innervated
pouches is not more competent to contain
hydrogen ions than is that of the denervated pouches, in spite of increased secre
tion of acid from vagal innervation.
After histamine stimulation, the exchange
of sodium for hydrogen ions across the mu
cosa is greatly decreased; both innervated
and denervated pouches show a similar in
crease in competence. This is difficult to
interpret and may be owing to the fact that,
in the presence of histamine stimulation,
the ability of the stomach to contain hydro
gen ions is at a maximum. It is probable
that the dose of histamine used produces a
maximal effect on this function irrespec
tive of vagal innervation.
Su m m a ry

The net ionic fluxes and volume changes
were measured sequentially within the
Heidenhain and Pavlov canine pouches,
under basal conditions and after histamine
administration, using polyethylene glycol
as a volume marker within the gastric
pouches. The results show that, under
basal conditions, the ability of the pouch
gastric mucosa to contain an acid solution
is similar in the innervated and denervated
pouches, in spite of increased basal acid
secretion in the Pavlov pouches. After his
tamine, the net flux of sodium ions is de
creased equally in both preparations, in
dicating an increased ability to contain
acid. It is concluded that vagal innerva
tion does not increase the ability of the
canine fundic pouch to contain an acid
solution under basal conditions.
R eferen c es
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R esum e
L ’auteur a mesure successivement les flux ioniques nets et les changements de volume a
l’interieur de petits estomacs de Heidenhain et de
Pavlov chez le chien, dans les conditions normales et apres administration d’histamine. II a
employe le polyethylene glycol comme marqueur
volumetrique au sein des petits estomacs. Les
resultats de ces experiences indiquent que, dans
les conditions normales, la propriete de la rauqueuse du sac gastrique de retenir une solution
acide est semblable dans les petits estomacs,
qu’ils aient ou non leur innervation et ce, en de
pit d’une secretion acide normale augmentee dans
le petit estomac de Pavlov. Une fois l’histamine
administree, le flux des ions sodium diminue
egalement dans les deux preparations, signe d’une
plus forte capacite de retenir l’acide. On peut
en conclure que l’innervation vagale n’augmente
Das la capacite du fundus du petit estomac chez
le chien de retenir une solution acide dans les
conditions normales.
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1947, Hamilton Stewart1 described a
method of dealing with those patients with
hydronephrosis in whom lower polar ves
sels were a factor in the ureteropelvic ob
struction. Subsequent reports in the British
literature indicated that other surgeons
accepted the procedure.2 4 The operation
has been almost completely disregarded in
North America. We present our experience
with the Hamilton Stewart nephroplasty
because, in selected cases, it fulfills the
ideals of surgery in the relief of obstruc
tion at the ureteropelvic junction associated
with lower polar vessels.
In

INFANT

ADULT

Fig. 1.—Schematic diagram of mode of produc
tion of ureteropelvic obstruction.

These ideals may be enumerated as fol
lows: (1 ) conservation of kidney tissue by
preservation of blood supply; (2 ) satisfac
tory emptying of the kidney; (3 ) reduction
in size of the dilated renal pelvis; (4 ) im
provement in function; (5 ) avoidance of
infection introduced by kidney drains or
splint catheters; (6 ) a low risk of extra
vasation and fistula formation; (7 ) mini
mum risk of recurrence of obstruction; and
(8 ) a clinically feasible operation.
In the infant, the kidney is arched upon
itself so that the two poles approach each
other closely over the enclosed pelvis. If
a lower polar vessel is present, it is close to
the main renal artery and, in this position,
“From the Department of Urology, Ottawa Civic
Hospital and the University of Ottawa, Ottawa,
Ont.

is unlikely to produce obstruction to the
outflow of urine. As the child grows, the
poles diverge. The lower polar artery be
comes separated from the main renal artery
and, in its new (lower) position, may pro
duce obstruction (Fig. 1). Thus, a lower
polar artery may not cause obstruction in
the infant but may do so in childhood or
adult life. Although lower polar arteries are
fairly common, hydronephrosis from ob
struction by such a vessel is relatively rare.
T he O peration

The Hamilton Stewart operation is
based on the principle that moulding of
the kidney will bring the aberrant renal
vessel back into close relationship with the
main renal artery, where it will no longer
produce obstruction. Any of the recog
nized loin incisions may be used. After
exposure of the kidney, the lower polar
vessels, the renal pelvis, the ureteropelvic
junction and the upper ureter are care
fully dissected out. In most cases, once the
pelvis and ureter are freed from the ves
sels, distension of the pelvis and kidney is
relieved. Hamilton Stewart advocated as
piration of the urine by a needle passed
obliquely through the kidney or pelvis,
if the hydronephrosis was gross or if the
tension in the kidney persisted after the
above dissection. We prefer to open the
pelvis to make sure that there is no asso
ciated intrinsic obstruction at the uretero
pelvic junction or in the upper ureter. The
capsule is reflected from the front of the
upper and lower poles of the kidney and
is left attached at the convex margins. The
kidney is grasped in both hands, the
upper and lower poles are brought together
until the kidney becomes ball shaped.
When distension has been relieved, the
thinned-out pliable kidney is easily held in
its new shape by ribbon catgut or fascialata strips sutured on the convex surface.
Traction is now exerted in the long axis
of the ureter, drawing the pelvis below the
aberrant vessel, which now lies close to the
main renal artery. The pelvis is plicated
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Fig. 2.—Method of plication of the redundant
pelvis to produce an efficient ureteropelvic pump.

by rows of interrupted catgut sutures, care
being taken that the sutures do not pass
into the lumen of the pelvis (Fig. 2). To
produce an efficient ureteropelvic pump, it
is essential to reduce the redundant pelvis
to a normal size.
On several occasions, we could not re
shape the kidney in this way. Aberrant ves
sels running to both upper and lower
poles, congenital malrotation of the whole
kidney or of the lower portion on its long
axis may prevent this moulding.
Successful treatment of hydronephrosis
depends upon an accurate diagnosis of the
cause or causes of obstruction. Only by re
moval of all of the obstructive factors can
complete relief of stasis be obtained. We
feel that an integral part of the procedure
is a search for an associated intrinsic ob
struction; this is done through an incision
in the renal pelvis before the kidney is
moulded into its new position. If there is
any suggestion of associated intrinsic stric
ture, we are, with increasing frequency,
doing some sort of pedicle graft of the
renal pelvis to relieve it. The graft is done
after the kidney has been moulded into its
new shape instead of, or associated with,
plication of redundant pelvis. The kidney
is now replaced. A soft-tissue drain is left
in the perinephric space. A nephropexy is
not necessary.
M a ter ia l s

and

M ethods

This paper is based on 25 Hamilton
Stewart nephroplasties carried out in 24
patients before the end of 1964. These 25
procedures comprised 13.9% of operations
done on our service during this period for
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the relief of hydronephrosis due to uretero
pelvic obstruction. The Hamilton Stewart
procedure was done on six more patients
but these cases were not included because
the follow-up was too short. Duration of
the follow-up in these 24 patients is as
follows: two years—one, three to four
years—four, four to five years—seven, five
to six years—five, six to seven years—two,
seven to eight years—two, eight to nine
years—two, and nine to 10 years—one.
The ages of patients at the time of opera
tion ranged from 5 to 62 years. The pre
senting symptoms were those usually en
countered in hydronephrosis due to uretero
pelvic obstruction, namely, loin pain, fever,
urinary frequency, dysuria, hematuria,
ureteral colic, gastrointestinal symptoms
or loin mass. Hydronephrosis was an inci
dental finding in one patient.
Using the criteria derived from the sur
vey of the Canadian Academy of Urologi
cal Surgeons,5 the degree of hydronephro
sis before operation was minimal in one,
moderate in six and advanced in 18 kid
neys. Using the same criteria,5 the impair
ment of renal function was minimal in 20,
moderate in four and advanced in one
kidney.
Of the 25 kidneys operated upon, 24 had
an aberrant or lower polar vessel. The ab
errant vessel was associated with a stric
ture of the upper ureter in four, with ure
teropelvic stricture in three, with bands of
adhesions in three, and with an obstructing
isthmus of one horseshoe kidney. One pa
tient had intrinsic obstruction without a
polar vessel. In this patient, the procedure
was done to drain the grossly dilated, de
pendent lower calyces in a solitary kidney.
Nephroplasty was done alone in 15 pa
tients. Because of associated obstruction,
nephroplasty was combined with other pro
cedures in 10 kidneys. The associated pro
cedures were: Culp—four, Foley—one,
Finney—three, David Davis—one, and the
division of the isthmus of a horseshoe kid
ney—one.
Figure 3 shows advanced hydronephrosis
of the left kidney. A lower polar vessel
obstructed the ureteropelvic junction.
There was associated intrinsic stricture of
the left upper ureter. The obstruction was
demonstrated in the isotope renogram.
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Fig. 3.—Radiograph showing advanced hydro
nephrosis of the left kidney before operation. The
preoperative isotope renograms of the left and
right kidneys are shown on the right.

Figure 4 shows a fairly satisfactory result
three months after a Hamilton Stewart
nephroplasty combined with a Culp pyeloplasty. We would have wished less re
dundancy of the pelvis, but some of this
may resolve in the next few months. In this
instance the pedicle graft should have been
tapered more sharply. It is difficult to assess
the final width of these flaps when they are
formed so soon after the distended renal
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Fig. 4.—Same patient as Fig. 3. R esult three
m onths after Hamilton Stew art nephroplasty com 
bined with a Culp pyeloplasty. T he im provem ent
in th e left isotope renogram is obvious.

pelvis has been deflated. This was classed
as a fair result. Improvement of drainage
is clearly demonstrated in the isotope reno
gram.
R esults

Assessment of results was based on clini
cal course, urinalysis, intravenous and
retrograde pyleograms, and, in some, iso
tope renograms. A result was considered

Fig. 5.—Radiograph and schem atic diagram showing left hydronephrosis.
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Fig. 6.—Same patient as Fig. 5. Results after Hamilton Stewart procedure.

to be good when the recheck pyelogram
showed improvement and the patient was
clinically well. The result was fair if the
recheck pyelograms were not improved
and the patient was clinically well. Using
these criteria, the results were good in 20
patients (the procedure was carried out
on both kidneys in one patient), fair in
three and poor in one. The one poor result
in a bizarre and complicated situation of
renal injury, following external trauma,
was due to failure to recognize an associ

ated intrinsic ureteropelvie stricture. When
the patient returned with recurrence of
pain two years after the Hamilton Stewart
nephroplasty, a Culp procedure was done
without disturbing the curled-up kidney.
The patient has made a splendid recovery.
It is significant, we believe, that none of
these kidneys have come to secondary ne
phrectomy and that, during a long follow
up, none of these patients has yet developed
hypertension.
Figures 5 and 6 show complete relief of

Fig. 7.—Radiograph and schematic diagram in a patient with left hydronephrosis.
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Fig. 8.—Same patient as Fig. 7 showing unusual end pattern after Hamilton Stewart proce
dure. Note that the calyces now lie medial to the renal pelvis.

obstruction and dilatation two weeks after
operation. The improved pyelogram in Fig.
6 is a typical result. It also illustrates one
of the disadvantages of the operation. If
a tumour arises in one of these kidneys
later on, the new calyceal pattern might
make early diagnosis difficult. Figures 7
and 8 illustrate an unusual end pattern,

with calyces medial to renal pelvis.
The preoperative and postoperative films
(Figs. 9 and 10) illustrate two features. In
this patient the rows of plicating sutures
are still visible five months after surgery.
More important, the grossly dilated depen
dent lower calyces, seen in Fig. 9, are now
adequately drained. In certain patients, this

Fig. 9.—Radiograph and schematic diagram showing right hydronephrosis.

Fig. 10—Same patient as Fig. 9 five months after Hamilton Stewart nephroplasty. Two points
should be noted: The rows of plicating sutures are still visible, and the grossly dilated dependent
lower calyces are now adequately drained.

procedure can be used to provide adequate
drainage of dilated, dependent lower cal
yces even when there is no lower polar
vessel. In our opinion, this is the only pro
cedure that will give adequate drainage of
these dependent lower calyces in some sit
uations.
Nine patients had urinary-tract infection
before operation. After operation the in
fection responded to urinary antiseptics in
all; no evidence of residual urinary infec
tion was detected. The postoperative re
sult was considered to be good in eight of
these nine patients.
D iscussion

though there are other methods of swing
ing lower polar vessels away from a point
of obstruction without sacrificing them,
there are two features of the Hamilton
Stewart procedure that enhance its effectiveness: First, the “rolled-up” position
promotes good drainage of dilated dependent lower calyces; second, plication of the
dilated, often atonic, pelvis reduces its
capacity to normal, restoring good drainage and promoting an effective ureteropel
vic pump.
There are three disadvantages: It may
be technically impossible to carry out the
procedure; the resultant distortion of calyceal pattern may make more difficult the
diagnosis of a tumour that may arise in the
kidney at a later date; and the possibility
that interference with renal blood supply
might cause hypertension. This complication has been feared by many but has not
to date been recorded.
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Although the operation was first de
scribed in 1947 it has been largely disre
garded in North America. We feel that it
is an excellent procedure in selected cases
of ureteropelvic obstruction. It seems safe
and sure. No renal tissue is sacrificed. Ex
travasation of urine and fistula formation Sum m ary and C onclusions
should not occur. It is particularly suitable
for the far-advanced hydronephrotic kid Hamilton Stewart pyeloplasty was car
ney with calycectasis. It may be used in ried out 25 times on 24 patients who were
conjunction with other pyeloplasties. Al followed for two to 10 years. The only
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early postoperative complication was a
staphylococcal wound inlection that pro
longed one patient's hospital stay to 30
days. The average hospital stay was 13.2
days. Following operation all 24 patients
were asymptomatic. Failure to recognize
an associated intrinsic obstruction brought
one patient back two years after initial
operation. All of the patients have remained
normotensive. The urine of all has re
mained free of infection, including nine
who were infected preoperatively.
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OPIUM ADDICTION AND SURGERY
Not unexpectedly, certain features of surgi
cal practice in the Far East are peculiar to the
area. One of these is the frequency with which
one finds opium addicts among one’s patients.
Opium addicts pose special problems as surgi
cal patients— particularly the Munchausen
syndrome, management of their addiction
while undergoing surgery, associated pathol
ogy, administration of anesthesia, and as op
erative risks.
Opium is taken in many forms. In the
traditional manner chandu, prepared by eva
porating a filtrate of the sun-dried latex of
opium poppy, is smoked in a long-stemmed
pipe. A charge of chandu in the small pipe
bowl lasts only for a few puffs and several
pipes are usually smoked during the course of
a day. The residue in the pipe is recovered
as dross and taken by mouth. A minority of
addicts take opium as morphine by subcutan

J.: Results of treatment of hydronephrosis,
J. Urol., 92: 188, 1964.
R esu m e
La methode de nephroplastie de HamiltonStewart est basee sur le prmcipe que, en remaniant le contour du rein, on peut amener l’artere
polaire inferieure a proximite de la principale artere renale on elle ne risque plus de provoquer
d'occlusion. On la decrite, en 1947, comme la
methode destinee a traiter les cas d’hydronephrose dans lesquels les arteres polaires inferieures constituaient un element d’occlusion
uretero-pelvienne. Cette methode a ete negligee
en Amerique du Nord. Les auteurs exposent leur
experience chez des malades qui ont ete suivis
pendant une periode variant de deux a 10 ans. 11
s’agit d’une excellente intervention dans des cas
choisis d’occlusion uretero-pelvienne. On n’y sacrifie pas de tissu renal. L ’extravasation de
l’urine et les fistules ne devraient pas survenir.
Les auteurs ont etendu son application de deux
fapons: ils l’ont employee de concert avec d’autres
pyeloplasties ou existe une occlusion intrinseque;
ils la conseillent egalement comme etant la meilleure methode de favoriser un drainage convenable des calices inferieurs, dilates. L ’operation
presente cependant trois inconvenients. II peut
etre impossible de l’effectuer, techniquement
parlant. La distorsion affectant la forme des^ ca
lices peut rendre plus malaise le diagnostic d’une
tumeur renale qui surviendrait ulterieurement. On
craignait que la circulation renale ne fut susceptible
d’entrainer de l’hypertension, mais cette compli
cation n’a jamais ete notee.

eous or intravenous self-administered injection.
Addicts commonly adhere to the same route
of administration.
Realizing that a significant proportion of
our patients were habituated to opium, we did
a prospecive survey of opium addicts in our
practice, directing particular attention to the
mode of presentation, incidence of surgical
pathology, nutritional status, coincident disease,
response to surgery, and special features of
postoperative management. Between August
1963 and April 1964, 3924 patients over the
age of 18 years were admitted to this surgical
unit. Of these, 50 (1.25%) took opium in some
form. This was determined by direct question
ing, noting certain stigmata of opium addicton, evidence from relatives, or observing that
relatives were supplying the patient with
opium. By and large, patients confess to their
addiction with disarming candour.— Tinckler,
L. F. and Baratham, G.: Opium addiction and
surgery, Brit. J. Surg., 5 3 : 576, 1966.
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TH E PROBLEM OF DROOLING IN CEREBRAL PALSY:
A SURGICAL APPROACH*

t-

4

THEODORE F. W ILKIE, B.A., M.D., F.R .C .SqC ], F.A.C.S.,t Vancouver, B.C.

T h e handicap of a child with cerebral
palsy may be minimal or devastating. De
pending upon the pattern of cerebral dam
age, he may have spastic muscle groups,
postural or locomotor problems, or even
total incapacity requiring complete nursing
care.
Whatever the degree of handicap, it is
disproportionately increased by the pres
ence of drooling. The sustained effort and
attention that the child must expend to
minimize the drooling may keep him from
learning other skills, such as speaking. His
morale may suffer because of the social
stigma attached to the inevitable failure to
control his saliva. The work of nursing and
housekeeping is significantly increased by
the volume of wet shirts, blouses, sweaters
and napkins, and the many changes re
quired.
The metabolic disturbances that may re
sult from the constant loss of secretions
have not been studied, but it may be as
sumed that some form of adaptation
occurs, because such disturbances are not
recognized as a clinical problem.
Spastic muscle groups can be trained
and postural and locomotor defects can be
corrected by operation, but, to date, no
definitive treatment for drooling has been
worked out.
T h e P ro blem

Drooling occurs in a spastic child be
cause of difficulty in swallowing. If saliva
is produced in excess, as has been sug
gested, this must be secondary to the con
tinued loss. Cineradiographie studies show
that, while pharyngeal and esophageal
phases of swallowing follow the normal
pattern in drooling spastics, the movements
of the voluntary musculature of the anterior
two-thirds of the tongue are disorganized.
"Presented to the Annual Meeting of the North
west Society of Plastic Surgeons at Union, Wash.,
May 1966.
1'Suite 100, 755 West Broadway Vancouver 9,
B.C.

In a normal subject, cineradiographs
show that swallowing is initiated by vol
untary “cupping” of the most anterior por
tion of the tongue to grasp the bolus of
radiopaque material ( liquid or semi-solid).
The tongue-tip and sides are firmly pressed
against the hard palate. The bolus is then
passed quickly back to the oropharyngeal
region by the tongue along the “trough” it
has formed. When thick and tenacious, the
bolus is pinched into smaller boli for
easier swallowing (Fig. 1).
When the bolus rounds the curve, at the
position of the foramen cecum, it is di
rected downward through the oropharynx.
The “tongue-trough” is no longer neces
sary and swallowing is continued with a
convulsive movement combining constric
tion of the superior- and middle-pharyngeal
constrictors, elevation of the larynx with
closure of its aperture, and dropping of
the bolus to a variable extent by gravity
(in the upright position) until the bolus
meets, or its free fall is continued by, an
involuntary peristaltic wave of esophageal
musculature.
The spastic child who drools presents a
different picture in cine studies. When the
material to be swallowed is introduced into
the mouth, some of it may escape at once
through uncoordinated lip action. Before
the order is given to “swallow”, there is
usually uncontrolled spread of the liquid
into the buccal pouches and sublingual
gutters. When the “swallow” order is given,
the tongue does not form a “cup” and then
a “trough”, but merely moves up and down
stiffly like a paddle (Fig. 2).
As the “paddle” moves up to meet the
palate (or just part-way as often happens),
the bolus disintegrates and flows away in
all directions. Anteriorly, some of it is lost
through the lips as “drool”. Posteriorly
some of the material is forced around the
corner into the pharynx and is swallowed.
The laryngopharyngeal phase of swallow
ing, once initiated, seems to work well (or
the child would presumably have previous
ly died from aspiration). The final invol-
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(c)

Fig. 1.—Cineradiographs showing sequence of
swallowing (see text).

untary esophageal stage appears indistinguishable from the normal.
Drooling in these patients is thus due to
the presence of fluid (saliva) in that part
of the oropharyngeal region least able to
cope with it.

*
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T h e P r in c ip l e U sed in A t t a c k in g t h e
P ro blem

’

It is desirable to prevent excess fluid
from collecting in front of the anterior pil
lar of the fauces. This should be accomplished without producing unphysiological
side effects. As much as possible, secretion
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Fig. 2b

Fig. 2.—(a) Tongue paddle is in mid-position and bolus remaining in mouth (after partial swal
lowing success) is spreading to buccal and sublingual gutters, (b) Tongue is on floor of mouth.
Opaque material can be seen under the tip and sides of the tongue.

of the saliva should be permitted but it
should be delivered posteriorly and re
tained for the body’s economy. Ablation of
secretion by radiation was therefore ex
cluded at once.
Since the greatest flow of saliva comes
from the parotid, the best theoretical ap
proach to the rerouting of flow was to
transplant the parotid ducts posteriorly. In
addition, the tonsillar fossa provides an
admirable gutter directing the saliva flow
in these patients well into the region of
normal swallowing.
It was anticipated that some drooling
might persist because of the uninterrupted
production of saliva by the submandibular,
sublingual and buccal salivary glands. In
the individual case, if necessary, one or
both submandibular glands could be ex
cised as required.
While the second stage of this approach
posed no problem—standard procedures
are available for excision of the subman
dibular glands— the only previous descrip
tions of parotid-duct transplantation are
those of the external approach in the treat
ment of xerophthalmia.1'5 Therefore, an
operation had to be designed.

T he P rinciples U sed in D esigning
F irst-Stage O peration

the

(1) A parotid-duct fistula, when it is due
to accident or surgical misadventure, tends
to be self-perpetuating.6 The well-known
difficulties of curing such a fistula sug
gested the possibility of rerouting the paro
tid secretions by the controlled fashioning
of a “fistula” leading to the area where we
wished the saliva to go.
(2 ) A strip of epithelium, buried in the
tissues, tends to form a tube as it prolifer
ates epithelial cells to cover the raw tissue
surfaces facing it.7
T echnique
O peration

of

the

F irst-Stage

The parotid-duct papilla is identified op
posite the crown of the second molar
tooth.8 A vertical incision is marked out and
made just posterior to the duct orifice
(Fig. 3-A) and the submucosa is tunnelled
with Cohney’s scissors8 in the direction of
the tonsillar fossa (the tonsils having been
previously removed). The tunnel is made
superficial to the pterygomandibular liga
ment but deep to the palatoglossus muscle.
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■T o n s illa r Fossa
-A nterior P illa r
-Pterygo

M a n d ib u la r Ligam ent

*

Raw
S u rfa c e
Sten sen 's Duct m o b iliz e d a n d
m o v e d p o s t e r io r ly into tu nnel

Fig. 3.—Technique of the first-stage operation.
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When the tonsillar fossa is reached, the
scissors are forced through the mucosa, a
loop of catgut is fed through the “eye” of
the closed scissor blades and this instru
ment is then withdrawn, bringing with it
the loop of catgut (Fig. 3-B).
Anteriorly, two parallel lines are marked
out and the mucosa is incised above and
below the papilla beginning at the original
vertical incision and extending foiward to
outline a rectangular flap of mucosa 2.5 to
3.0 cm. long, in the upper buccal and labial
sulcus (Fig. 3-C ). This flap is raised and
with it submucosal tissues and a partial
vascular supply from the tissues immedi
ately surrounding the parotid duct, which
forms its base (Fig. 3-D ). The distal half
inch or so of parotid duct, which runs for
ward and down, is mobilized by blunt
dissection, to allow gentle folding-back of
this portion of the duct along with its at
tached mucosal flap (which is destined to
become a tube because of the “buriedepithelium effect”)—perpetuating the “fis
tula” and carrying the saliva along its full
length to discharge it into the tonsillar fossa.
The catgut loop is divided and the two
anterior ends threaded onto fine cutting
needles, and sutured to the upper and low
er corners of the distal end of the flap.
Traction on the pharyngeal ends of the cat
gut easily draws the flap and distal parotid
duct into the tunnel, where it is trimmed,
if necessary, and sutured to the posterior
edge of the anterior pillar (Fig. 3-E). Its
raw surface now faces that of the mucosa
overlying the “tunnel”.
With catgut the flap is sutured on either
side of the inverted papilla to anchor it
firmly in its retroposed position. The overlying “tunnel” mucosa is drawn forward as
far as possible before suturing it to the
floor of the buccal defect. The remainder
of this raw surface is then closed by sutur
ing the mucosal edges together (Fig. 3-F).
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the left. Alternatively, she might be described
as having asymmetrical spastic quadriplegia.
Her cerebral palsy was probably congenita],
and bilateral involvement of the cerebral hemi
spheres was thought to explain the presence of
mild mental retardation, poor speech develop
ment and somewhat small head size. Her
speech defect was thought to be due to dys
phasia, predominantly expressive. Some dys
arthria was also present. She also had dyspha
gia, drooling, and impaired tongue movements,
all attributable to bilateral pyramidal damage.
On cineradiographic studies at Shaughnessy
Hospital, Vancouver, she had constant, spastic,
“paddle-tongue” movements during the initi
ating of swallowing; as a result radiopaque
material was lost from the swallowed bolus.
Portions of this material, which found their
way into the oropharynx, were satisfactorily
swallowed during fairly normal and consistent
constrictor and peristaltic phases of swallow
ing.
On September 8, 1964, after she had re
covered from a bilateral tonsillectomy, both
parotid ducts were rerouted so as to empty
into the tonsillar fossae. No complications
occurred in the postoperative period except for
bilateral parotid and cheek swellings, which
resolved in a week or so. At the time of her
discharge, the nurses said there was a signifi
cant decrease in her drooling.
A year later, although improved, she still
drooled enough to require two additional
changes of clothing per day. Although her
mother accepted this as a significant improve
ment, the second stage of the procedure was
undertaken. (By this time we were fortified by
the knowledge of the outcome of the second
case, described below.) Accordingly, on Janu
ary 17, 1966, the submandibular salivary
glands were excised through symmetrical ex
ternal incisions.
Postoperatively her drooling ceased. In the
early postoperative days she required frequent
fluids but, at the end of two weeks, she did not
have any discomfort, had no drooling and, at
the time of writing, chesses normally and does
not require clothing changes because of mois
ture (Fig. 4 ) . (Incidentally, her mother has
been surprised by her daughter’s increased
food intake since the last operation.)
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C a se R e p o r t s

C ase 1 .— Vivian J., aged 6 years and 8
months, had cerebral palsy and was referred
on June 17, 1964 because of copious and un
controlled drooling of saliva that required
numerous changes of clothing each day.
She had asymmetrical double hemiplegia;
the right side was affected much more than

C ase 2 .— David M., a 12-year-old boy, was
first seen while he was in the Children’s Hos
pital, Vancouver, where he was under treat
ment for locomotor problems associated with
cerebral palsy due to birth trauma.
His drooling forced him to wear large dishtowels over his shirt. These would be thorough-
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Fig. 4a
Fig. 4b
Fig. 4.—Case 1 (Vivian J.): (a) Preoperative view showing constant drooling. She is making an
effort with her lips to “stop drooling”, (b) Postoperative view showing her response six months
after rerouting of her parotid ducts.

Fig. 5a
Fig. 5b
Fig. 5.—Case 2 (David M.): (a) Preoperative view showing copious drooling. (The beaker was
held under his chin for a relatively short time while photographs were taken.) (b) Postoperative view
taken in professional photographer’s studio in February 1936.

66

THE CANADIAN JOURNAL OF SURGERY

ly soaked with saliva every four hours while
he was in an upright position. He found it im
possible to eat tidily and his speech was de
fective. He was considered to be retarded but
was always co-operative and attempted to com
municate his delight when he was told of our
interest in helping him to control his drool
ing. Cineradiographie studies confirmed that
his drooling and eating problems were due to
serious spastic dyscoordination of his tongue
and lips. His problem was similar to that of
Vivian J., but more severe.
Following recovery from a preliminary ton
sillectomy, bilateral parotid-duct transplanta
tion to the tonsillar fossae was done on Sep
tember 27, 1965. A salivary fistula developed
in the right buccal mucosa and was success
fully repaired on October 6, 1965.
Postoperatively, his drooling decreased so
that he required fewer changes of his napkin,
but the problem was not yet solved. Accord
ingly, the right submandibular salivary gland
was excised on November 1, 1965 with a fur
ther improvement in his saliva control. Finally,
on November 17, 1965 the left submandibular
gland was excised. Following this procedure,
it was as if “the tap had been turned off”.
For the first few days he found that his oral
mucus was a little thick, but this symptom
cleared spontaneously without recurrence of
drooling (Fig. 5 ).
The following is the main portion of a letterreceived recently from David M’s mother:
“This is certainly the happiest letter to write!
We are so very pleased with David’s continu
ing improvement.
“It is wonderful to see his mouth so much
better— just a little drier than when you last
examined him in Children’s Hospital. David
has no drooling problem now— he wears ordi
nary shirts and no bibs or scarves at all, and
stays quite clean all day. He does have some
thick saliva, which keeps his mouth moist
enough for comfort. After drinking chocolate
milk, it increases a little, but he swallows this
very well and only needs to wipe a little off
his mouth sometimes. David’s eating has im
proved also. He could manage without a plas
tic bib, but still needs this for drinking. He
can no longer gulp his milk or other drinks,
and has some difficulty with drinking. We are
now pleased to see David drinking through an
ordinary plastic straw, and this is the way he
drinks three glasses of milk or juice every day.
I have tried to teach him to do this for years,
and he just couldn’t seem to be able to suck
the liquid up high enough, or to be able to
close his lips around a small straw at all— so
this is also a good result. David is keeping his
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mouth closed a little more, and is having to
push his tongue around his mouth more, and so
working his tongue in other movements. All
this will be helpful to encourage better speech
sounds, as time goes by.
“I have noticed that David is no longer
thirsty. He used to drink and drink, lots of
water and juice and usually two glasses with
each meal. Now he is quite satisfied with just
the three glasses a day and usual meals. His
appetite is marvellous too. This must be be
cause he is getting the liquid saliva down into
his stomach now. He is looking very well . . .”
D iscussion
A planned attack on drooling in cerebral
palsy was beneficial to the first two children
in whom it was attempted. Although ex
perien ce in two cases is only suggestive, es
p ecially w hen each palsied patient is
unique, the results indicate that a correctly
chosen operative procedure or procedures
can bring relief to certain of these “drool
ers”.
This approach may fall into disrepute if
patients are not well screened. O perative
intervention should only be recom m ended
in those patients whose main swallowing
problem is in the anterior two-thirds of the
tongue, who have at least some lip control,
and whose intelligence and motivation al
low them to co-operate with the constant
rem inders of parents and nurses to “stop
drooling!”
It is interesting to note that Vivian J.
began speaking sentences for the first time
during the early post-operative period—
befo re h er discharge from hospital. Also,
w ithin a few weeks, David M. was able to
use a drinking straw for the first time, and
now keeps his lips closed more than b e 
fore operation. One can only speculate that
a child w ith a stiff tongue, who is con
stantly trying to control a mouthful of
saliva, m ay simply have too much to do to
m ake any sort of concerted effort to use the
tongue in speech, suction, etc.
M eans to measure drooled saliva should
be developed so that quantitative postop
erative im provem ent can be recorded.
Sum m a ry
D rooling in certain cerebral spastic pa
tients can b e alleviated or com pletely re-
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lieved by staged operations on the salivaryglands, in which the parotid ducts are re
routed to the tonsillar fossae, enabling the
patient to swallow the greatest portion of
his saliva, and any residual drooling is
managed by removing the submandibular
gland ( s ).
The author wishes to express his thanks for
helpful advice to Drs. R. H. Marshall, Head, De
partment of Surgery, Children’s Hospital, Van
couver, B.C., R. H. Dunn, Vancouver General
Hospital Health Centre for Children and to S.
Israels, Professor and Head, Department of Pedia
trics, University of British Columbia, Vancouver,
to whom he is also indebted for authorizing the
illustrations carried out by Mr. V. Doray and staff
of the University of British Columbia Department
of Medical Illustration.
The cine studies and prints were carried out by
the Department of Radiology and Photography,
Shaughnessy Veterans’ Hospital, Vancouver, B.C.
under the direction of Dr. J. Greig.
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LYMPHATIC OBSTRUCTION IN THE
DOC
Introduction of the technique of direct
lymphography was followed by renewed inter
est in the anatomy and dynamics of the
lymphatic system. Lymphograms were done in
adult greyhounds after previous obstruction
of the lymphatic trunks draining a hind limb.
Complete obstruction by ligature of all the
deep lymphatic trunks at the groin was carried
out in 10 dogs. The obstruction was demon
strated by lymphography. Obstruction of the
main deep lymphatics of the hind limb of the
greyhound has no apparent ill effect, other
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R esu m e
Le probleme de l’enfant baveur est pour lui
un serieux handicap. Pour etre accepte en societe,
cet enfant doit faire un effort enorme pour s’en
empecher et generalement il echoue.
La cause de ce phenomene est principalement
l’etat spasmodique de la musculature de la langue,
que vient aggraver, en certains cas, une mauvaise
coordination du mouvement des levres. La perte
continue de salive peut forcer les glandes a seereter davantage, ce qui ne fait que compliquer
le probleme.
Grace a une nouvelle operation, il est possible
de corriger ce defaut en deroutant les secretions de
la gland parotide vers l’arriere, leur permettant de
s’ecouler par le sillon des fosses amygdaliennes et
ainsi permettre a l’enfant d’avaler normalement.
Cette intervention est suivie, au besoin, de 1’ablation d’une glande salivaire submandibulaire ou des
deux.
Ce mode de traitement est illustre par deux
cas, qui ont ete choisis suivant des criteres fournis
par la clinique et la cineradiographie. Les inter
ventions ont ete appliquees successivement et la
bave a ete enrayee apres ablation de la seconde
glande salivaire submandibulaire. L ’exemple de
ces deux cas (qui constituent toute 1’experience de
l’auteur jusqu’ici) demontre la possibility de ce
mode de traitement.

pathways undertaking the transport of the
albumin-laden lymph. Three routes are avail
able; the dermal lymphatics, collateral ves
sels, and the veins by way of lymphovenous
communications. Obstruction was still evident
after one to three months, even though no
swelling of the limb was observed at this
time. The obstruction to the return of lymph
appears to have been overcome in one of three
ways: by collateral lymphatics; by dermal
back-flow and the rerouting of lymph; by local
Ivmphovenous shunting.— Burn, J. I. e t al.\
Lymphographic appearances following lymph
atic obstruction in the dog, Brit. J. Surg., 5 3 :

634, 1966.
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DUODENAL REFLUX IN TH E GENESIS OF ACUTE PANCREATITIS"
R O BERT STRACK, B.A., DAVID H. DREIZIN, M.D., SIDNEY KETYER, M.D. and
ER IC J. LAZARO, M.D., F .R .C .S .jC ], Jersey City, New Jersey, U.S.A.
T h e part that reflux of duodenal contents
into the pancreatic ductal system plays in
the genesis of acute pancreatitis remains
debatable. Recent studies employing the
blind duodenal loop1 as an experimental
model have shown that, in the dog, reflux
is associated with the development of
severe pancreatitis.2'4 It is possible, how
ever, that the reflux reported in these ex
periments may actually be a sequela to
established pancreatitis that is already
present. In order to test this latter hypo
thesis and to determine the mechanism by
which the inflammatory process in the
pancreas is initiated, a series of experi
ments were devised.
M a t e r ia l s a n d M ethods

An unselected series of 35 adult male
mongrel dogs was employed in this study.
Following a 12-hour fast, the animals were
anesthetized with pentobarbital sodium,
25 mg./kg. body weight, and a blind duo
denal loop was created according to the
method described by Pfeffer, Stasior and
Hinton.1 The common duct was ligated
and gastroduodenal continuity re-estab
lished by end-to-end anastomosis. After its
closure, 1 ml. of alphazurine 2Gf (a dye
used to outline lymphatics) and 5 ml. of
50% barium sulfate emulsion were in
stilled into the isolated duodenum through
a 25-gauge needle inserted obliquely
through the intestinal wall, taking care to
avoid leakage from the puncture site. At
tention to this technical detail assured uni
form duodenal distension and prevented
soiling of the adjoining structures with dye
or radiopaque material. In pilot experi
ments an aqueous contrast medium (meg
lumine diatrizoate) was found to be un
satisfactory because it did not provide
both radiological and histological informa“From the Departments of Surgery, Pathology
and Radiology, New Jersey College of Medicine,
Jersey City, N.J. and St. Elizabeth Hospital,
Elizabeth, N.J., U.S.A.
/Available from Fisher Scientific Co., Silver
Spring, Md.

tion in each experiment, frequently failed
to delineate the ductal system radiologically and, because of profound osmotic
effects, increased duodenal distension to a
marked degree.
Each animal received 500 ml. of 5%
glucose in water intravenously during sur
gery. Antibiotics were not administered.
The dogs were killed randomly by an
overdose of pentobarbital sodium at vary
ing intervals and an autopsy performed in
each case. Those animals sacrificed as soon
as the surgical procedure was completed
served as controls. The gross appearances
of the abdominal viscera were recorded,
after which the pancreas with the attached
duodenal loop was carefully excised and
photographed in the fresh state. Radio
graphs of the excised specimens were
made and several sections of the duo
denum and pancreas were fixed in forma
lin and stained with hematoxylin and eosin
for histological examination. In analyzing
the microscopic pathologic changes, the
following histologic classification was
adopted:
G rade 0.—Absent to mild perilobular

Fig. 1.—Photomicrograph
denal junction. Grade 0.

of

pancreaticoduo
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edema and leukocytic infiltrate. (These
changes are probably traumatic and due
to surgical manipulation.) (Fig. 1)
Grade 1.—Significant changes limited
exclusively to perilobular structures includ
ing moderate or marked edema and leuko
cytic infiltration with or without micro
scopic evidence of hemorrhage (Fig. 2).
Grade 2.—Both intralobular and peri
lobular changes. The intralobular changes
include necrosis and/or hemorrhage usually
associated with leukocytic infiltration. The

Fig. 3.—Grade 2 pancreatitis. Parenchymal dis
ruption with intralobular inflammatory cells and
hemorrhage, and autolysis of erythrocytes but
normal duet structure.

Fig. 2.—Pancreaticoduodenal junction showing
grade 1 pancreatitis. Edema with moderate peri
lobular leukocytic infiltration is present.

duct structures are normal (Fig. 3).
Grade 3.—Both perilobular and intra
lobular changes with pancreatic ductal in
flammation ( intramural leukocytic infil
trate), dilatation and rupture of the ducts
with extravasation of barium into the pan
creatic parenchyma (Figs. 4 and 5).
The detection of barium in the pan
creatic ductal system on microscopic (Figs.

Fig. 4.—Grade 3 pancreatitis. Diffuse peri
lobular, intralobular and ductal leukocytic inva
sion with parenchymal necrosis. Barium is present
in duct lumen.
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Fig. 6.—Radiograph of excised pancreas and
duodenum showing absence of ductal reflux.
Barium is present only in the loop. Nine-hour
specimen.
R esults

Fig. 5.—Detail of Fig. 4 showing intense ductwall invasion by inflammatory cells.

1 and 5) and radiologic examination (Figs.
6 and 7) was accepted as evidence of pan
creaticoduodenal reflux.

Four animals were sacrificed at 0 hours,
four at three hours, seven at six hours,
eight at nine hours, nine at 12 hours and
three at 15 hours after surgery. The pres
ence or absence of reflux of duodenal con
tents and the corresponding histological
classification in both the head and tail of
the pancreas are shown in Fig. 8. Twentythree of the 31 animals developed pan
creatitis and 17 of the 23 had severe gross
and microscopic changes (grade 2 or 3).

Fig. 7.—Radiograph of duodenum and pancreas with attached mesentery showing
visualization of pancreatic ductal system due to reflux of barium from duodenal loop. Twelvehour specimen.
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Duodenal reflux was detected radiologically in only nine of the 23 animals and
was confirmed microscopically by the
identification of barium in the ductal sys
tem in each case. In no other specimens
was there microscopic evidence of barium
in the pancreatic ducts or parenchyma.
The time sequence in the development
of pancreatitis and its relation to duodenal
reflux is also shown in Fig. 8. Pancreatitis
was present in two out of four animals at
three hours, three out of seven at six hours,
seven out of eight at nine hours, nine out
of nine at 12 hours and three out of three
at 15 hours. None of the control dogs had
any pancreatitis or ductal reflux.
GRADE

OF

PASCRE ATiTlS

J nr.

O nr.

y ru.

4 DOGS

7 DOGS

8 DOGS

R EF L UX

9 DOGS

3 DOGS

Fig. 8.—The incidence of pancreatitis in the
head and tail of the gland at various time inter
vals and the relationship of reflux to pancreatitis.

Of the 23 animals with pancreatitis, all
had changes involving the head of the
pancreas, but only 12 had evidence of in
flammation in the tail of the gland. In nine
of these 12 animals, reflux had occurred.
When reflux was not demonstrable, there
was inflammatory involvement of the tail
in three out of 14 animals. In the presence
of reflux, pathological changes were more
severe in the head than in the tail of the
gland.
There was a close correlation between
the gross and microscopic changes. Pete
chial hemorrhage on the surface of the
gland was observed in 16 dogs and these
animals had grade 2 or 3 pancreatitis
microscopically. Gross evidence of fat
necrosis was seen in seven animals, in all
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of which the pancreatitis was grade 2 or 3.
Varying degrees of confluent hemorrhagic
necrosis with gross accumulation of dyestained fluid in the pancreas were ob
served in five animals, all of which demon
strated duodenal reflux. Gross changes
were consistently more severe in the region
of the head of the pancreas. Staining of
discrete lymphatic tributaries with alphazurine 2G was never observed grossly.
However, with increasing time a progres
sively increasing discolouration of the duo
denal loop was evident in all specimens.
The earliest microscopic changes con
sisted of edema and leukocytic invasion of
the area at the junction of the pancreas
and duodenal loop. When the inflamma
tory process was more extensive, the cellu
lar infiltrate extended with diminishing
intensity for a variable distance along
interlobular septa. The most pronounced
inflammatory involvement was always
noted at the junction of the pancreas and
duodenum.
In addition to perilobular edema and
leukocytic infiltration, intraparenchymal
changes with lobular disruption were ob
served in 17 animals (grade 2). In 14 of
these 17, intralobular necrosis, hemorrhage
and cellular infiltrate were observed. In
the remaining three dogs, one had necro
sis, and two had necrosis and hemorrhage.
Inflammation, dilatation and destruction of
the duct walls with extravasation of barium
from the dilated lumen directly into the
surrounding parenchyma occurred in eight
(grade 3). This grade of pancreatitis was
more diffuse involving every lobule of a
section, whereas in grade 2 the lesions
were largely focal and adjacent lobules
were spared in the majority of cases. Grade
3 changes were observed in eight of the
nine cases associated with duodenal reflux.
D iscu ssion

It is evident from the results of this
study that reflux occurs after the develop
ment of acute pancreatitis in the head of
the gland. There was barium in the pan
creatic ductal system—confirmed both
radiologically and histologically—in nine
of the 23 animals with pancreatitis. All of
the nine animals had more serious changes
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in the head of the gland. This suggests
that there was grade 2 pancreatitis in that
area before reflux occurred. It is therefore
reasonable to question the conclusions of
previous investigators2,3 concerning the
part played by reflux in the genesis of the
disease in a similar experimental prepara
tion; that is, what they believed to be a
primary etiologic factor is shown by these
experiments to be a secondary event.
The sequential histologic changes noted
in this study demonstrate that there is a
definite and progressive structural de
rangement in the pancreas of the dogs sub
jected to this experimental procedure. A
detailed description of the histologic
changes in experimental pancreatitis have
not been previously reported in a serial
manner. Careful histological analysis of the
pathologic process in a sequential order is
not possible if the experimental technic
produces fulminating pancreatitis with
great rapidity or if there is a considerable
variability in the rate of progress of the
pathologic process. These appear to be the
disadvantages in most experimental tech
nics for producing pancreatitis.5
The histological data obtained in this
study clearly delineate the general steps in
the pathogenesis of the entire inflamma
tory process in this experimental model.
Infiltration of the perilobular supporting
structures with leukocytes is the earliest
change and indicates that the disease does
not commence within the acini or ducts.
Pfeffer, Stasior and Hinton1 described the
pathological changes that occurred at short
intervals and correlated these changes with
the elevation of serum and peritoneal-fluid
enzymes. They too, noted that during the
initial stages of pancreatitis, the ducts re
mained intact and that the mucosa and
duct walls were normal. The more ad
vanced stages they described nine hours
after surgery are in keeping with those
noted in this study, although they did not
specifically mention the appearance of the
ducts at the later stages. This observation
may provide an important clue to the
genesis of the inflammatory process.
Of further interest in this study is the
striking difference between the degree of
involvement of the head and that of the
tail of the gland. In 12 of the 23 dogs with
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pancreatitis, there was no evidence of
damage to the histologic structure of the
distal part of the organ at a time when the
proximal portion had undergone various
destructive changes. Since the develop
ment of acute pancreatitis in animals with
a blind duodenal loop is directly related to
the degree of duodenal distension (decom
pression of the Pfeffer loop prevents the
development of pancreatitis),8 it is logical
to assume that the proximity of the head
of the gland to the duodenum renders it
more susceptible to the inflammatory
process. The mechanism by which disten
sion of the duodenum leads to pancreatic
inflammation is debatable.8 Biliary factors
were eliminated by common-duct ligation.
The theory of ductal reflux is not tenable
for reasons already stated. The likelihood
that vascular obstruction is responsible for
the pathogenesis of the early phase is not
supported by the microscopic appearances
and by the localized nature of the lesion
at the onset. It could, however, be postu
lated that the provocative factor was trans
mitted from the duodenum to the pancreas
either through the lymphatics or by tran
sudation and direct extension.
Previous workers7 have hypothesized
that the initiation of pancreatic inflam
mation in animals with a blind duodenal
loop was due to the passage of enzyme
activators or bacteria to the pancreas via
the duodenopancreatic lymphatics. Opin
ions differ concerning the anatomic details
of the duodenopancreatic lymphatic com
munications. Bartels*- 9 demonstrated that,
in the dog, there are anastomoses between
the lymphatic network of the duodenum
and the pancreas. Valves were thought to
prevent the flow of lymph from the duo
denum to the pancreas. In pathologic
states associated with lymphatic obstruc
tion, the resistance of these valves could
be overcome and pathogenetic agents
could be transmitted from the duodenum to
the pancreas. Evans and Ochsner,10 how
ever, could not demonstrate any direct
anastomoses between lymphatics of the
duodenum and pancreas. Furthermore,
they could not demonstrate the connections
between channels that Bartels described
running from the duodenum across the
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pancreas to terminate in juxta-aortic, mesocolic or mesenteric nodes and the lymph
atic vessels of the pancreas. In our study,
the alphazurine dye did not colour the en
tire pancreas blue as would have been ex
pected if lymphatic communications had
allowed intraduodenal fluid to reach the
pancreas. This study, therefore, does not
support the concept that there is a lym
phatic spread of the etiologic agent. It ap
pears that contiguity of the duodenum and
pancreas is responsible for the greater in
volvement of the head. In contrast to this,
the concept that acute cholecystitis pro
duces pancreatic inflammation by a trans
lymphatic route has been supported by
the demonstration of cholecystopancreatic
lymphatics by vital-dye technics
Most attempts to explain the patho
genesis of pancreatitis in the human have
been based on hypotheses concerning acti
vation of pancreatic enzymes While it
is tempting to believe that the various
pancreatic enzymes play a significant role
in the destructive changes seen in this
disease, the mechanism of activation of the
enzymatic process is still controversial.
Although in his original communication
Pfeffer described marked elevation of
enzyme levels, the inhibition of the patho
logic process by antibiotics reported by
other investigators (the instillation of anti
biotics into a Pfeffer loop prevents the de
velopment of pancreatitis) suggests that
a primary etiologic factor may he bacterial
and that enzymatic effects are of secondary
importance.
The role of bacterial factors in the
genesis of pancreatitis and their assumed
contribution to the severity of the disease
have been emphasized in previous re
ports.7' If the action of bacteria is to be
accommodated in our hypothesis, it would
be necessary to postulate that the passage
of bacteria or bacterial products through
the markedly distended duodenum causes
inflammation of the neighbouring pancreas.
If transduodenal extension does occur, it is
possible that non-bacterial enzyme activa
tors also reach the pancreas in this manner.
This method of enzyme activation is
probably of minor significance because
antibiotics are known to limit the severity
of the pancreatitis
11
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C o n c l u s io n s

The role of duodenopancreatic reflux in
the genesis of acute pancreatitis was
studied by employing the blind duodenal
loop as an experimental model in dogs. It
was found that pancreatic inflammatory
changes preceded the development of
ductal reflux. It is postulated that direct in
volvement of the head of the pancreas by
the transudation of intraduodenal con
tents is the mechanism by which pancrea
titis is initiated.
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FEM O RO PO PLITEA L

ENDARTERECTOiMY
Because the natural tendency of atheroscler
otic femoropopliteal thrombosis is to spread
proximally to involve the whole superficial
femoral artery, there has been a gradual swing
away from short vein bypass or replacement
operations, or limited thromboendarterectomy,
towards more extensive operations on the fe
moropopliteal trunk. Long is better than short
rebore and it is better to use only the common
femoral and distal popliteal arteries for inser
tion of a vein bypass. Comparing series of
vein bypass grafts and semi-closed endarter
ectomy suggests little difference between the
operations. Linton has suggested that vein by
pass grafting is easier than endarterectomy,
but this is doubtful. There is, however, an im
portant difference between endarterectomy
and bypass grafting, which is seen if graft
failure occurs. The failure of a bypass graft in
the early postoperative period will probably
return the limb to its preoperative state; later
failure commonly leads to gangrene. This is
because the blood-flow through a reconstructed
artery causes gradual physiological closure of
collateral channels (Callow), which process
will not have occurred if a graft fails early.
By contrast, late failure of endarterectomy may
not lead to gangrene because a short rethrom
bosis may not affect branches of the main ves
sel that were opened at endarterectomy. Total
rethrombosis of an endarterectomy spreading
into the common femoral artery or distally into
the popliteal artery is likely to be as disastrous
as failure of a bypass graft. Most of our graft
failures have been in the first few months, and
Linton had no failures of bypass grafts after
two years had passed.
Endarterectomy over only a few inches of
the femoropopliteal trunk either by the semiclosed method or by open arteriotomy with a
vein patch is now generally realized to be less
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R esume
Le role joue par le reflux duodenopancreatique
dans la genese de la pancreatite aigue a ete
etudie en employant, comme modele experimen
tal chez le chien, le cul-de-sac duodenal. II a
ete constate que des modifications inflammatoires
du pancreas precedent le developpement du
reflux. On considere comme adrnis que l’atteinte
directe de la tete du pancreas par la trans
sudation du contenu intraduodenal constitue le
mecanisme qui est a la genese de la pancreatite.

satisfactory than an extensive cleaning out of
the whole trunk, regardless of the length of
the occlusion. Although the semi-closed opera
tion using strippers is more commonly prac
tised, a completely smooth dissection with
these instruments in the right plane is only
easy if the atheroma is “ripe and cheesy” and
may be very difficult if the intima is very ad
herent or calcified. It is in these circumstances
that the accuracy and control achieved by a
full-length arteriotomy are so welcome. Al
though LeVeen suggests that a long vein patch
subjects both surgeon and patient to consider
able stress, we have not found this to be so,
and Hafner in patching the lower part of 20
full-length arteriotomies reported no undue
difficulty. Trippel and Hall have written favour
ably about long open femoropopliteal endar
terectomy and Dos Santos insists that endarter
ectomy should always be performed through a
simple long incision, often with a vein patch.
A total of 62 personal cases is reported of
femoropopliteal thrombosis treated by radical
open thromboendarterectomy and repair of
the arteriotomy by an autogenous vein patch
from knee to groin. Of these, 40 operations
were performed for long-standing incapaci
tating intermittent claudication, and 22 as an
alternative to amputation for advanced
ischemia. In the entire series the mortality was
5% and the primary patency rate 90%. The
follow-up period is from 18 to 38 months.
Subsequently 14 amputations were necessary,
and 15 patients (27% ) have died of cerebral
or coronary thrombosis. The insertion of a
long vein patch presents no undue difficulty,
and the full-length arteriotomy allows com
plete and accurate removal of the atheroma
very frequently found in the common and
superficial femoral arteries proximal to the
thrombosis.— Webster, J. H. H.: Open femoro-popliteal endarterectomy with long vein
patch, Brit. J. Surg., 53 : 607, 1966.
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CASE R E P O R T S
O ST E O M Y E L IT IS IN INFANCY
I. H. UPMALIS, M.D., F.R.C.S.[C], F.A.C.S.," Kitchener, Out.

Fig. 1.—Radiographs of the right leg at the age of four weeks.
O s t eo m y elit is in infancy is a rare disease,
which differs in its clinical course from
osteomyelitis seen in an older child or in
an adult. The purpose of this report is to
illustrate and emphasize these differences.

“Suite 4, 900 King Street West, Kitchener, Ont.

C a se R e po r t

G.J., a 3-week-old girl was admitted to
St. Mary’s Hospital, Kitchener, Ont. on May
23, 1965, with a provisional diagnosis of in
tussusception. The patient was the product
of a full-term normal delivery and her devel
opment was normal for the first two-and-a-half
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Fig. 3.—Repeat radiographs at six months.

weeks. During the three days before admission
to hospital, it was noticed that she drew up her
legs and cried for short periods of time. The
baby did not vomit and she had normal stools.
There was no history of skin infection in the
infant nor in the immediate family. Her symp
toms persisted, became worse and led to her
admission to hospital.
Barium enema examination was performed
shortly after her admission and intussuscep
tion involving the large bowel was ruled out.
Her temperature on admission was 100° F.

On the night after admission to hospital, the
patient’s temperature rose to 102° F . and
reached 103.4° F. in th e morning. At this time
it was noted that she had a swelling involving
her right lower extremity and that she did not
want to move this leg.
On examination it was apparent that the
patient did not have any hip-joint involvement
but she resisted movement of her knee. How
ever the knee joint itself was not swollen. The
hemoglobin was 14.9 g.% and the white blood
cell count was 33,050/c.mm. with 68 % seg-
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mented neutrophils and 8% band forms. A
diagnosis of acute hemotogenous osteomyelitis
was made and the patient was given high doses
of crystalline penicillin intramuscularly.
With the administration of penicillin her tem
perature came down to normal over the next
two to three days. The patient was easier to
handle and had less spasm of the muscles
around her knee joint. However, the swelling of
the right leg persisted and five days after her
admission to the hospital it became fluctuant.
The swelling was aspirated and penicillin was
instilled. The pus yielded a growth of coagulase-positive staphylococci, sensitive to penicil
lin. The aspiration was repeated on the follow
ing day and an equal amount of pus was re
moved. Since the swelling of the leg did not
subside with this treatment, incision and drain
age of the abscess was performed on the
seventh hospital day. Exploration of the cav
ity revealed raw bone on the anterolateral
surface of the tibia at the junction of the mid
dle and lower thirds. The wound drained for
five days and then healed spontaneously.
The first radiograph of the tibia at the age
of four weeks (Fig. 1) showed no abnorm
ality. Two weeks later (Fig. 2) the films
showed involvement of the entire shaft of the
tibia with considerable periosteal reaction.
Six months later the bone had resumed al
most normal appearance (Fig. 3) with no
evidence of sequestrum. The patient has re
mained well and has developed normally.
D iscussion
Osteomyelitis in infancy was reviewed
exhaustively by Thomson and Lew is1 in
1950. It is generally agreed that osteomyel
itis may follow generalized septicemia or
may develop locally with little or no sys
tematic effects.- With generalized septi
cemia, the prognosis was extremely poor
before the advent of antibiotics. In these

infants multiple sites o f osteomyelitis often
developed.
As far as the local lesion is concerned,
the course is benign and very few cases
progress to the point of rejection of the
dead bone. Permanent disability only seems
to occur in association with involvement
and destruction o f a joint.
The causative organisms are staphylo
coccus and streptococcus, probably in equal
numbers.3’ 4
Su m m a r y
A case o f osteomyelitis in infancy is pre
sented. The infection should b e treated
vigorously with antibiotics and a primary
focus of infection if present must be eradi
cated. A plea is made for the use of con 
servative surgical measures in the treat
ment of the localized abscess, since the
prognosis of the bone lesion is excellent.
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R esume
II s’agit de lobservation d’un eas d’osteomyelite
de la premiere enfance. L ’infection devra etre
traitee energiquement au moyen d’antibiotiques
et, s’il existe un foyer primaire d’infection, celuici devra etre elimine. L ’auteur plaide egalement
en faveur de l’intervention chirurgicale conservatrice pour traiter 1’abces localise, etant donne que
le pronostic concernant la lesion osseuse est excel
lent.
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XANTHOMATOUS TU M O U R O F T H E LUNG: A C A SE R EP O R T AND
R E V IE W O F T H E L IT E R A T U R E 0
M. A. MADANI, M.D., B.Sc.(M ed.), C. A. ROSS, M.D., F.R.C.S.[C], F.A.C.S. and
C. S. DAFOE, M.D., F.R.C.S.(Edin.), F.A.C.S., Edmonton, Alta.

T he basic nature of rare, circumscribed,
non-metabolic xanthomatous masses of the
lung is unknown; these lesions have been
reported under a variety of names, such as:
postinflammatory tumour, postinflammatory pseudotumour, xanthoma, xantho
fibroma, xanthogranuloma, histiocytoma,
sclerosing hemangioma and pseudoneoplastic pneumonitis.

C ase R eport
D.L., a 3-year-old white girl was first
admitted to the University of Alberta Hospital,
Edmonton, in June 1963, because of a per
sistent cold of some three weeks’ duration. Her
main symptoms were a dry cough and a low
grade fever. In the past she had roseola,
chicken pox, measles and scarlet fever.
Because of a chronic urinary infection over a

Fig. la
Fig. lb
Fig. l.-(a ) An anteroposterior chest film, after bronchoscopy and relief of the bronchial
obstruction, showing the round soft-tissue mass at the level of the left mid-stem bronchus, (b )
Lateral roentgenogram of the same patient showing the ovoid mass in the region of the superior
segment of the left lower lobe. The hilar lymph nodes are also enlarged.
Under these headings, only 31 cases have
been reported in the world literature.1 Furthermore,
the
true
xanthomatous
tumour of the lung makes up a small pro
portion of this number.3 It is because of
the rarity of this tumour that we feel justi
fied in reporting another case of true
xanthomatous tumour of the lung.
“From the Department of Thoracic and Cardio
vascular Surgery, University of Alberta, Edmon
ton, Alta.

period of two years, a complete investigation
of her urinary tract was carried out, which
disclosed a complete duplication of the left
upper urinary tract with vesicoureteric reflux.
On physical examination, there was some rela
tive dullness and decreased breath sounds in
the left lower chest. On admission, she had a
fever of 102°F. Her white blood count was
7500/c.mm. (polys., 47%; lymph., 50%; mono.,
3%) and her hemoglobin 12 g.%. The urinalysis
was negative, but culture and sensitivity
studies of the urine showed Escherichia coli.

80

THE CANADIAN JOURNAL OF SURGERY

Electrophoresis and bone marrow study did
not produce any significant results. Admission
chest film showed an almost completely
opaque left lung field with only a small
amount of aerated lung in the extreme base.
The radiographic appearance was suggestive
of atelectasis.
Two days after admission, at bronchoscopy,
a globular mass was seen completely obstruct
ing the left main-stem bronchus at the level of
the upper lobe orifice. A specimen of this mass
was obtained with ease; the mass was approxi
mately 2 cm. long and was of the same dia
meter as the bronchus. The clinical diagnosis
at this time was endobronchial lipoma. Fol
lowing bronchoscopy, the left upper lobe
became well aerated and the chest film then
showed a well-defined ovoid soft-tissue mass
in the left lower lung field, to the left of the
heart shadow and mediastinum, approximately
2 x 2!£ inches in size (Fig. 1 ).
Microscopic sections showed that the
tumour was composed of sheets of histiocytictype cells with moderately abundant acido
philic cytoplasm. The tumour-cell nuclei were
fairly regular, showed only minor variations in
size and shape, and no significant degree of
mitotic activity (Fig. 2 ). Sections from this
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specimen were submitted to Dr. Arthur Purdy
Stout of Columbia University, New York, for
his opinion. He classified the tumour as a
fibrous xanthoma and considered it to be a
benign growth. Dr. Stout added that he had
never seen or heard of a malignant fibrous
xanthoma developing in the lung.
Following bronchoscopy, the patient’s con
dition improved and she was discharged with
no further intervention but under close follow
up. Three months later, she was readmitted
because of anorexia, fatigue and restlessness
of several weeks’ duration, associated with a
persistent cough for two weeks and fever for
three days. On physical examination, the posi
tive findings were dullness and decreased
breath sounds in the left chest. She had a
fever of 100.5° F .; a pulse rate of 132/min.;
respiratory rate of 36/min.; white blood count
of 11,200/ c.mm. (neut., 61%; eosin., 2%;
lymph., 36%; and mono., 1%). The chest film
suggested that the tumour had increased
slightly in size, causing more atelectasis of the
left lower lobe (Fig. 3 ).
Because of the clinical course and the radiologic findings, we explored the left chest
cavity and removed the tumour in October
1963. The left lower lobe was completely
atelectatic and contained a mass 2% inches in
diameter. The mass was in the hilum and ex
tended across the fissure into the left upper
lobe; a left pneumonectomy was therefore
necessary. The resected specimen showed that
the tumour was in the anterior and medial
basal segments of the lower lobe, and ex
tended into the major branches of the bronchi
as far as the hilum. The microscopic findings
were identical with those of the bronchial
biopsy, confirming the diagnosis of fibrous
xanthoma. There was no evidence of malig
nancy.
This patient is doing well. There is no evi
dence of recurrence.
R e v ie w o f t h e L it e r a t u r e

T h e term “xanthom a o f the lung” was
used first by Scott, M orrow and Payne4
who, in 1948, reported the first case. Alfred
Blalock had perform ed a successful right
lower lobectom y on this patient in 1947.
In 1950, Ford, Thom pson and Blades5
reported the second case o f true xanthoma
of the lung.
Fig. 2.—Pathological section of tumour mass
showing sheets of histiocytes, the cell nuclei are
fairly regular and show only minor variations in
size and shape. There is no significant degree of
mitotic activity.

In 1954, Um iker and Iverson6 reported
two similar cases under the term “postinflammatory tumours of lung”, and under
took an extensive search o f the literature.
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Fig. 3a
Fig- 3b
Fig. 3.—(a) An anteroposterior roentgenogram of the same patient three months later showing
that the tumour has increased in size, (b) Lateral roentgenogram of the same patient showing definite
increase in tumour size.

They found that Brunn,” Csermely,8 and
Childress and Adie0 had described lesions
similar to xanthomatous tumour of lung.
Umiker and Iverson6 subsequently re
ported all of these collected cases in an
excellent review.
In 1956, Liebow and Hubbell10 re
ported seven cases of sclerosing heman
gioma of the lung that had clinical and
pathological features somewhat similar to
the above-mentioned pulmonary lesions;
however, it is doubtful whether these
tumours should be classified under the title
of xanthomatous tumour of lung. In this
regard, Liehow said “At this time, the dis
tinction between sclerosing hemangioma
and some so-called xanthomas or postinflammatory tumours must be regarded as
tentative.” In 1958, Rubin, Rubin and Sicklick11 reported two additional cases of
sclerosing hemangioma of the lung and
Turunen, Tala and Hjelt12 reported an
other.
Torroella-Mnez-Fortun3 reported a case
under the title of fibro-xanthoma. Alegre
and Denst13 reported two cases using the
term, “xanthogranuloma”, thus placing
them in the category of “xanthomapostinflammatory” tumours. Fisher and
Beyer14 added another case of xanthoma

of the lung and reviewed these tumours.
They said they did not include cases of
sclerosing hemangioma under the category
of xanthomatous and postinflammatory
tumours of lung.
Titus et ill.2 reviewed all the reported
cases extensively, and added four cases
of xanthomatous and postinflammatory
pseudotumours of lung obtained from the
records of the Mayo Clinic, Rochester. In
cluding cases of sclerosing hemangioma,
they gathered a total of 25 cases from the
world literature. A brief summary of each
case is given in their review.
Bonaccorsi and Borrello1 found six cases
of postinflammatory pseudotumours of
lung in the records at the University of
Rome; three of them were described as
“xanthogranulomas”, and the other three
under the heading, “pseudoneoplastic
pneumonitis”.
D isc u ss io n

There has been much confusion about
the etiology and pathogenesis of these
tumour-like pulmonary lesions; difference
of opinion as to whether they are primarily
vascular, xanthomatous or postinflamma
tory has led to many variations in termin
ology. As Titus et al.2 said they may repre-
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sent different lesions—as implied by the
different classifications; that is, lesions pro
duced by diverse etiological factors but
terminating in end stages that have similar
appearances. On the other hand, they may
all have the same etiology, and the various
lesions may represent only different stages
in pathogenetic development.
Roentgenologically, these tumours have
presented chiefly as well-circumscribed,
homogeneous nodular pulmonary densities.
The right lung is affected twice as often as
the left, with a slight preponderance of
lesions in the lower lobes.
Clinically, these lesions have been found
more often in adults than in children; the
youngest patient was 3 years old (the
present case), and the oldest 62. Both
sexes are affected equally. In about onehalf of the cases, the lesion was discovered
on routine examination; the remainder had
the clinical picture of an upper respiratory
infection, particularly a persistent cough.
In all of the reported cases, the lesion was
treated by surgical excision with no recur
rence.
Summary
A case of fibroxanthoma of the lung in a
3-year-old girl is reported. Only 31
similar cases have been previously reported
in the world literature. The exact nature
of these xanthomatous and related tumours
is not well understood. Whatever the etiologic and pathogenetic factors are, all
agree that these tumours are benign and
carry a good prognosis. In operative re
section of these tumours, the surgeon
should spare pulmonary tissue as much as
possible.
R efe r e n c e s
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9. C h il d r e s s , W. G . a n d A d ie , G . C.: Plasma
cell tumors of mediastinum and lung; re
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the lung, Cancer, 9: 53, 1956.
11. R u b in , E. H., R u b in , M. a n d S ic k l ic k , E.:
Circumscribed sclerosing hemangiomas of
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12. T u r u n e n , M., T a l a , P. a n d H j e l t , L.: Scler
osing hemangioma o f the lung; an interest
ing problem of differential diagnosis, Acta
Tuberc. Scand., 33: 276, 1957.
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Resume
L’auteur rapporte et decrit un cas de tumeur
xanthomateuse du poumon. Une revue approfondie
de la litterature mondiale permet de croire qu’il
s’agit du trentieme cas de l’espece qui ait ete
rapporte. Cette lesion est rare. Tous les cas
signales ont ete benins et n’ont jamais donne
lieu ^ des modifications malignes de ces tumeurs.
C’est pourquoi Fauteur plaide en faveur de la
resection conservatrice de ces tumeurs.

J
r

J

January 1967

ABSENCE OB’ THE NOSE

83

CONGENITAL ABSENCE OF TH E NOSE: A CASE REPORT
A
C. R. PALMER, M.D., F.R.C.S.[C], F.A.C.S.* and
H. G. THOMSON, M.D., F.R.C.S.[C],t Toronto, Out.
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Partial or total absence of the nose is a
rare condition and is infrequently recorded
in the surgical literature.1 It may be associ
ated with other congenital abnormalities of
the face such as cyclops, cebocephalus,
median cleft of the lip, hypertelorism and
microcephalia.2 Choanal atresia may be
associated with the atresia or stenosis of
the nostrils;1’ 3 the latter is due to the re
tention of epithelial plugs that normally are
temporary.4 In the normal embryo, the
nares are occluded by these plugs from the
second to the sixth month. The more fre
quent choanal atresia is said to be due to
organization and persistence of the primi
tive oronasal membrane, which is pushed
back with the secondary extension of the
nasal chamber and septum.1’ 3 The para
nasal air sinuses begin to develop at the
fourth embryonic month, as small recesses
in the mucous membrane of the lateral
nasal wall.4
The authors wish to describe an 11month-old white male who was admitted
to The Hospital for Sick Children, Toronto
with total absence of his nose and associ
ated nasal and choanal atresia.
C ase Report
J.H. was bom on November 22, 1964, fol
lowing a 40-week gestation. He was the second
child of a 19-year-old unmarried mother.
There was no history of drug ingestion during
pregnancy. The baby was blue at birth and
weighed 7 lbs. 4Vi ozs. He had the follow
ing congenital abnormalities: a rudimentary
nose associated with a hypoplastic frontonasal
process, nasomaxillary processes that were
also hypoplastic, and absent upper and lower
lateral cartilages. The nasal septum was pres
ent but hypoplastic. Both nares were atretic,
more marked on the left than the right
(Fig. 1).
He had true hypertelorism with an antimongoloid slant to both eyes. There was a
coloboma of the right iris. He had a high
“Resident in Plastic Surgery, The Hospital for
Sick Ch-ldren, Toronto, Ont.
tClinical Teacher, The Hospital for Sick Children,
Toronto.

Fig. 1.—J.H. when first seen in November
1964. Note the rudimentary nose and hypoplastic
frontonasal process.
arched palate with submucous clef-ting, a
funnel chest, and webbing of the second and
third toes bilaterally.
Radiographs of the skull and facial bones
showed that the process of the frontal bones
was absent. The nasal processes were hypo
plastic and spread apart at their superior as
pect (Fig. 2 ).
The respiratory function was poor, and with
the added handicap of nasal agenesis, the in
fant was not expected to survive. Reconstruc
tion was, therefore, deferred and, after a spe
cial nose prosthesis was fabricated and fitted,
he was discharged from hospital (Fig. 3 ) .
T he chromosome count demonstrated a nor
mal XY pattern.
On November 16, 1965, at 11 months of
age, he was readmitted to the plastic surgery
service. Repeat facial radiographs showed a
hypoplastic maxilla, no development of the
nasal process of the frontal bone and evidence
of hypertelorism. No ethmoid air sinuses were
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Fig. 2.—Radiographs showing absence of the nasal process of the frontal bones. The nasal bones
appear hypoplastic and spread apart at their superior aspect.
seen. The maxillary sinuses were small and
Reconstruction in this infant was limited to
clouded. A very small volume of air was seen supplying an acceptable nose and no attempt
in the nasopharynx but only as far forward as was made to establish nasal air exchange. We
the left molar teeth. The mandible appeared could not attack the latter problem because
normal in size. The nasal dimples were ex of the high-lying hard palate, which was in
amined with radiopaque dye and there was immediate proximity to the base of the skull.
no communication with the posterior naso Furthermore, we were technically unable to
pharynx—there was complete choanal atresia. supply a lining for a new nasal passage, ade-

Fig. 3.—Patient with his nose prosthesis.
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quate in volume and of appropriate physio
logical characteristics.
On November 22, 1965, a scalping forehead
rhinoplasty was done under general anesthesia.
A rotation flap was raised extending from the
right side of the forehead up to the vertex of
the skull and thence over to the left side of
the forehead.5’ B The scalp flap was raised
down to pericranium and swung down with
the attached right-forehead skin to provide
the tissue for the new nose. The flap was su
tured into position with multiple silk sutures.
Additional 4-0 chromic horizontal mattress su
tures were placed in the flap to form the alar
prominences and the columella. At the end of
the procedure, the flap was slightly blue. Be
cause of this development, the scalp donorsite was not split-skin grafted. Instead, a dress
ing was applied and the child was returned to
the recovery room.
The rotation graft remained viable and, four
days later, the child was returned to the oper
ating room and a permanent split-thickness
10/ 1000-inch graft from the upper lateral
thigh was placed in the right side of the fore
head and the remainder of the scalp donorsite stamp grafted. All -these grafts took well
(Fig. 4 ).

■i
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Fig. 4.—The rotation flap swung down to form
a nose. A split-thickness graft now covers the
right side of the forehead and there are stamp
grafts over the left side of the scalp.
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On December 22, the rotation flap was re
leased in the region of the glabella. The flap
was freed, undermined and swung back to its
former position. The stamp grafts were re
moved and the flap was sutured to its original
position in the left scalp.
At the final operation on December 29, the
proximal portion of the nose flap was trimmed
and inserted into a previously created defect
in the glabellar region. This defect was cre
ated by a midline vertical incision, which
formed two small triangles on either side of
the base of the nose. It was held in position
with interrupted 5-0 silk sutures (Fig. 5 ).
The child was discharged on January 7,
1966 and will return later so that consideration
can be given to the insertion of some form of
prosthetic graft to support the nose and to en
courage the intrinsic growth pattern.

Summary

An infant with congenital nasal agenesis
and choanal atresia, is described in whom
the absence of the humidifying effect of the
nasal mucosa was compatible with life.
A scalping forehead rhinoplasty was done
to correct the defect and make him social
ly acceptable but no attempt was made to
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separate the palate from the base of the
skull, to allow nasal aeration.

h
s

Referen ces

1. P o t t e r , E . L .: Pathology of the fetus and in
fant, 2nd ed., Year Book Publishers Inc.,
Chicago, 1961.
2. S t a r k , R. B.: Plastic surgery, Hoeber Medical
Division, Harper & Row Publishers Inc.,
New York, 1962.
3. C o n v e r se , J. M.: Reconstructive plastic sur
gery, vol. 2. The head and neck, W. B.
Saunders Company, Philadelphia, 1964.
4. Arey, L. B.: Developmental anatomy, 7th
ed., W. B. Saunders Company, Phila
delphia, 1965.
5. E s c o f f ie r , J.-B .: The forehead flap in nasal
repair, Plast. Reconstr. Surg., 21: 94, 1958.
6. C o n v e r se , J. M.: Reconstruction of the nose
bv the scalping flap technique, Surg. Clin.
N. Amer., 3 9 : 335, 1959.

k

Resume
L ’auteur rapporte le cas d’un nourrisson presentant une agenesie nasale et une atresie choanale
d’origine congenitale. Chez cet enfant, l’absence
de Feffet humidifiant produit par la muqueuse
nasale etait compatible avec la vie. La correction
chirurgicale de ce defaut a ete effectuee en vue
de rendre l’enfant acceptable par la societe mais
aucune tentative n’a ete faite de separer le palais
de la base du crane, pour permettre l'aeration
nasale.
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SA T EL L IT E C E L L S IN REGENERATING
M USCLE
The focal point of this study was the be
haviour of the satellite cell in regenerating
muscle. This cell can only be recognized with
certainty using the high resolution obtainable
by electron microscopy. Electron-microscope
studies demand the preparation of small
amounts of tissue. The size and accessibility
of the small web muscles of a fruit bat permit
the uniform crushing of small segments so that
whole lesions, together with adjacent undam
aged muscle, can be recovered for embedding
in araldite. Longitudinal sections through the
length of the specimen then allow accurate
orientation so that thin sections, longitudinal
or transverse, can be cut from selected zones for
electron microscopy. Transverse sections were
preferred because individual sarcolemmal
sheaths can be better identified in this plane.
A changing population of cells is best
studied in vivo or in tissue culture. Though
the crush lesions are easy to examine in vivo
with a dissecting microscope, no information

can be obtained by this technique of the se
quence of events at cellular level in individual
muscle-fibres. However, as these lesions are
similar and the recovery pattern regular, a re
liable sequential picture can be built up
by fixing individual lesions at different time
intervals.
The hypothesis is that the satellite cell is a
reserve cell, capable of giving rise to a popu
lation of mononuclear myoblasts following
injury. Three main facts emerge: (1 ) satellite
cells in the regions of maximal damage appear
to survive despite the destruction of adjacent
muscle-fibre syncytium; (2 ) in their normal
form, they disappear from the sarcolemmal
tubes at about three days and are replaced
by myoblasts, which have a variable mor
phology; (3 ) mitotic figures are found, within
sarcolemmal tubes containing myoblasts, be
tween four and seven days after injury.—
Church, J. C. T., Noronha, R. F. X. and
Allbrook, D. B.: Satellite cells and skeletal
muscle regeneration, Brit. J. Surg., 53: 638,
1966.
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AUGMENTATION MAMMAPLASTY: A CASE REPORT
STUART D. GORDON, M.D., M.S., F.R .C .S.[C ], F.A.C.S.,* Toronto, Ont.

T he patient requesting augmentation mammaplasty presents a many-sided problem
that has social, economic, psychological and
technical aspects, which vary in relative
importance in each applicant. Only the
technical aspect is considered in this re
port.
Early attempts to enlarge the small breast
were made using free-fat grafts. This
proved impractical; most of these grafts
failed because of liquefaction and discharge
of the fat.
The next step was the use of dermis-fat
grafts. These were described by Watson1
in 1959, although he was not the first to
suggest the use of the composite graft.
Here the surgeon relies on the dermis to
pick up—relatively rapidly—enough blood
supply to ensure the life of the complete
graft. While recognizing that cysts may de
velop after such a procedure, Watson ac
cepts this as an unavoidable risk and be
lieves that such cysts do not attain any
considerable size or give rise to trouble
some complications. He reports that, in a
series of 12 patients, cysts were not seen in
a two-year follow-up.
My own experimental work, reported in
1948,2 indicated that buried dermis formed
cysts in one-third of the experiments; how
ever, influenced by my training in which
the use of autogenous tissues had been
emphasized as the ideal in reparative surg
ery, I chose the dermis-fat graft as a rea
sonably sensible solution to the problem,
rather than resorting to one of the plastic
implants.
C ase R eport
In October 1960, a 34-year-old woman con
sulted me complaining of markedly hypo
plastic breasts. She had had three children but
had not been able to nurse. On March 17,
1961, bilateral dermis-fat grafts complete
with fascia were taken from the buttocks and
inserted beneath the breasts. The epidermis
was removed with a Humby knife.

*807 Medical Arts Building, 170 St. George Street,
Toronto, Ont.

The result appeared to be excellent. How
ever, on April 11, 1963 she returned because
of soreness in the left breast and the develop
ment of a lump in each breast. The breasts
were harder than normal. By September 1963
the breasts were much smaller.
She was seen at intervals but, in September
1965, it became obvious that something fur
ther had to be done. Not only were the breasts
small, lumpy and— particularly the left— pain
ful to touch but in addition the patient had
developed a very real fear that she might
have cancer. A radiograph of the breasts
showed cystic formation and irregular calcifi
cation in each breast (Fig. 1 ).

Fig. 1.—Radiograph of breast showing cysts and
calcification.

A bilateral subcutaneous mastectomy was
done on November 25, 1965 and silastic prostheses were implanted immediately.3 Patho
logical examination confirmed the presence of
calcification and of cysts, some of which were
of dermal origin. No evidence of malignant
change was found. The result to date has been
excellent and there is no reason to suppose
that it is not permanent.
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2.

C o n c lu sio n

la my opinion, use of dermis-fat grafts
in the treatment of hypoplastic breasts can
no longer be justified on the basis of
known experimental work, the unacceptable
clinical course of some of the grafts, and
the satisfactory result to be obtained by the
use of the modern prostheses.
R eferen c es
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J.: Some observations on free fat
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1959.

W a tso n ,

M OD IFICATIO N TO TH IE R SC H ’S
OPERATION
Since it was reintroduced by Gabriel, the
Thiersch operation has become well established
in the armamentarium of those who deal with
rectal prolapse. The treatment of this disease
is becoming channelled in two directions.
The first is towards the abdominal opera
tion, in which the rectum is fixed behind and
before with fibrous tissue, produced either by
foreign material, as advocated by Wells, or
by surgical interference, as in the anterior re
sections described by Muir, and Swinton and
Mathiesen. These operations are not to be
undertaken lightly in the elderly and often de
crepit patients who form the bulk of those
presenting with rectal prolapse. It is in these
people that the Thiersch operation is often
indicated, as it also is for the young child
whose prolapse is not controlled by strapping
or by injection of sclerosants.
In the original operation that Thiersch is
alleged to have described, the encirclement of
the anus is performed with a single turn of
heavy silver wire. The loop is closed by twist
ing the wire ends together and burying the
sharp ends away from the perianal skin. This
operation is still performed extensively, but
very many modifications have been described
with different techniques using a variety of
materials.
Wasserman used a silver sleeve to close the
silver-wire circle. A similar device with a more
robust material is the stainless-steel twisted
cable secured by a stainless-steel sleeve de
scribed by Burke and Jackman. A procedure
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S.: The subcutaneous transplantation
of skin, Brit. ]. Blast. Surg., 1: 212, 1948.
3. F r e e m a n , B. S.: Subcutaneous mastectomy
for benign breast lesions with immediate
or delayed prosthetic replacement, Blast.
Reconstr. Surg., 30: 676, 1962.
G ordon,

R esum e
L’emploi de greffes cutano-adipeuses destinees
a augmenter le volume des seins est decrite par
l’auteur qui passe en revue des developpements
ulterieurs dans ce domaine. L’auteur ne conseille
pas de recourir a ce type de greffe qui risque
d’occasionner l’apparition de kystes dans la greffe
et d’alarmer la patiente au sujet d’un cancer pos
sible. II recommande l’emploi de protheses de
silastic pour les mammaplasties d’additicn.

using synthetic material is described by
Schwartz and Marin. They inserted a 3.0-mm.
polyethylene rod and welded it in situ to com
plete the circle.
The disadvantages of the metal implants
are discomfort and, particularly with the silver
wire, fatigue fracture. The porous materials
such as nylon tape which have been used are
liable to infection. A further modification of
the Thiersch operation is described here be
cause this technique utilizes material easily
available in any operating theatre and pro
duces a comfortable anus for the patient with
very small chance of fracture of the suture or
infection early or late.
The essential feature of this procedure is
that a monofilament nylon suture is passed
three or four times around the anal canal.
This operation has now been in routine use
in this hospital for the last three years and the
results of 16 female patients, aged 56 to 82
years, are summarized as follows:
No. of
patients
.3
6
2
2
1
2

Result
Very good—no prolapse
Good—slight mucosal prolapse on
straining—satisfactory to patient
Fair—some prolapse—satisfactory to
patient
Good anatomically, but patients
cannot manage bowels
No follow-up
Too loose—have refused tightening

All sutures have been in place for more than
one year and seven for more than two years.
—Plumley, P.: A modification to Thiersch’s
operation for rectal prolapse, Brit. J. Surg., 53:
624, 1966.
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EXPERIMENTAL SURGER Y
SUCCESSFUL BILATERAL LUNG REIMPLANTATION IN THE DOG9
ALAN S. TRIMBLE, B.Sc.(Med.), M.D., F.R.C.S.fC], i
BAIKUNTH BHARADWAJ, M.D.t and PIERRE BEDARD, M.D.,t Toronto, Ont.
T h e original experiences with unilateral

canine pulmonary reimplantation suggested
that subsequent pneumonectomy or con
tralateral reimplantation was uniformly
fatal.1'5 Lack of reinnervation and pul
monary vascular changes were, in part,
held responsible for the fatal outcome.112
Recently, survival after pneumonectomy or
bilateral reimplantation in dogs and ba
boons has been reported1, 5’ 10,1318 and it
would appear that pulmonary reimplanta
tion, properly staged, is technically feas
ible.
This communication describes 23 dogs
that survived unilateral implantation; con
tralateral lung reimplantation was there
upon attempted and was successful in five
animals. The factors contributing to these
successes are reviewed and the results of
assessment of pulmonary function in the
late survivors is presented. From this ex
perience, it appears that the original doubt
about the feasibility of clinical bilateral
implantation was unfounded, and that an
uncomplicated technique is the key to suc
cess.
M a t e r ia l

a nd

M ethods

Under general endotracheal anesthesia,
the right or left lung was excised in 41
adult mongrel dogs after mobilization of
the hilar structures.19 On the left side a
single cuff of left atrium was easily isolated
proximal to the entrance of the pulmonary
veins. The lack of mobility on the right
side, even after dissection of the interatrial
groove, prevented the utilization of a single

cuff. The necessity for a double anastom
osis close to the entrance of the right pul
monary veins into the atrium added to the
immediate surgical risk and increased the
incidence of thrombosis. The excised lung
was perfused with heparinized Ring
er’s solution at 10° C. and reimplanted.
The time needed for reimplantation—from
the removal of the lung to the reconstitu
tion of circulatory flow—ranged from 30 to
60 minutes.
Postoperatively, ventilation was assisted
mechanically for two to three hours and
this was followed by intensive care with
particular attention to the removal of tra
cheobronchial secretions. Facilities were
not available for routine tracheostomy in
this series. Late in the study, intramuscu
lar heparin was added to the postoperative
regime in an attempt to reduce the inci
dence of thrombosis at the double-atrial
anastomosis on the right side.
After physiological studies including dif
ferential bronchospirometry using a modi
fied Carlen’s tube and pulmonary-artery
pressure measurements, 23 long-term sur
vivors of the unilateral procedure, 13 left
and 10 right, had contralateral reimplanta
tion. At the second procedure, visual assess
ment of the lung was correlated with these
parameters. The operative technique and
management of the recovery phase were
identical to that described above. The same
physiological studies that were carried out
before reimplantation were performed on^
the late survivors.
R esu lts
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Before Contralateral Reimplantation
Studies performed one to 10 months
after the original successful procedure con
firmed the findings of others.2 4, 6' 81 10'
i 2, is. 2d, 21 None of the animals had an
active Hering-Breuer reflex in the trans
planted lung. In every dog, during the re-
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covery phase, a restricted ventilatory pat
tern was associated with a reduced oxygen
uptake in the reimplanted lung, varying
from 10 to 90% of the expected normal.
During the first postoperative month in
12 of the 23 long-term survivors, this re
stricted ventilatory pattern improved to
levels approaching 90% of that seen preoperatively. The remaining 11 dogs had a
sustained reduction in ventilatory function
and gross lobar atelectasis or fibrosis was
found subsequently at thoracotomy. A tech
nical failure producing bronchial stenosis
or pulmonary-vein occlusion was usually
responsible for these results. There was a
greater limitation of function in those ani
mals subjected to a right-sided procedure.
This again appeared to be primarily tech
nical.
In eight dogs, pulmonary systolic artery
pressures ranged between 20 and 30 mm.
Hg and, with contralateral clamping, rose
to 25 to 75 mm. Hg, the average being 45
mm. Hg. The pulmonary-artery pressure
measurements were repeated in five ani
mals and did not change as the time after
operation increased. In two with marked
elevations, stenosis at the site of the pul
monary-artery anastomosis had been in
duced.
After Contralateral Implantation
Early postoperative course.—Five dogs
survived more than one week and were
returned to the farm. All resumed a normal
respiratory pattern immediately after oper
ation, although the accessory muscles of
respiration were active (Fig. 1). Secretions
were excessive and required endotracheal
suction and intensive postoperative care.
In all of these animals, ventilatory func
tion had returned to values of 80 to 90%
of normal and all had pulmonary-artery
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pressures that were under 30 mm. Hg before
the second (contralateral) procedure. The
time between procedures ranged from 50
to 340 days.
The remaining dogs died within 48 hours.
Four were lost at opration due to technical
errors. Ten died of pulmonary edema within
24 hours; six of these had suffered pulmon
ary venous thrombosis of the right atrial
anastomosis. Two had diffuse pneumonia
at the time of operation and, in two, au
topsies were not done. An analysis of the
preoperative pulmonary function confirmed
that many of these “failures” had marked
reduction in pulmonary ventilatory capac
ity. In addition, three had marked elevation
of pulmonary-artery pressure that may have
contributed to their deaths. Finally, in only
two dogs had more than 300 days inter
vened between the two procedures; the
intervals in the others varied from 40 to
270 days.
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left lung

right lung

Fig. 2.—Differential bronchospirometry in the
same animal as in Fig. 1. The left lung is account
ing fcr 33% of ventilatory capacity.

Fig. 3.—Differential spirometry on the animal
in Fig. 1. The right lung is accomplishing 66% of
oxygen uptake.

Late postoperative course.-Tw o dogs
sent to the farm in apparently normal
health died 14 and 18 days after operation.
Each had diffuse pneumonia and, at au
topsy, all the anastomoses were patent.
From the evidence it appears that, without
this complication, these dogs would have
lived longer.
Three dogs were available for late study
two months after the second procedure
(Table I). On bronchospirometry (Figs. 13 ), compared with preoperative values,
there was good bilateral function with
slightly reduced oxygen uptake. This find
ing was confirmed by blood-gas analysis.

The ffering-Breuer reflex was absent bi
laterally (Figs. 4 and 5). In addition, pul
monary-artery pressures were normal,
being 25, 30, 35 mm. Hg systolic. At sacri
fice three months after the second opera
tion, all anastomoses were patent. Histo
logical sections distal to the anastomotic

Fig. 4.—In a tracing from the left lung, maxi
mal inflation of the right lung does not inhibit in
flation in the left, indicating that the HeringBreuer reflex is absent.

Fig. 5.—As in Fig. 4, there is no Hering-Breuer re
flex in the left lung.

1
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had no demonstrable Hering-Breuer re
flexes, but histological sections distal to the
bronchial anastomoses showed that there
was nerve-fibre regeneration in all animals
studied (Fig. 6). Whether these fibres have
some functional capacity is uncertain, but
stretch-receptor activity does not seem to
be essential to survival.
Adequate staging of the procedure is
important. In this series at least, a period of
six weeks between operations was essentia]
to success. The work of Slim et al.18 and
Faber et al.u also suggests that such staging
need not be prolonged.
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Summary

Fig. 6.—Photomicrograph (silver stain x 100)
demonstrates neuronal regeneration distal to the
bronchial anastomosis (n = nerve).

line showed that nerve-fibre regeneration
was present (Fig. 6). These sections were
taken six months after the initial lung re
implantation. However, none of these dogs
had a positive Hering-Breuer reflex. The
exact time at which nerve-fibre regenera
tion took place could not be ascertained
because the biopsies were not done at reg
ular intervals.
D iscussion

Late survival after bilateral pulmonary
implantation has recently been re
ported.14, 1<!' 18 Survival itself does not ap
pear to prove that the procedure is ade
quate. However, the physiological studies
described in this paper confirm that, with a
completely successful technical procedure,
which avoids stenosis at any anastomotic
line and venous thrombosis, both lungs can
be reimplanted; and that, in time, ventila
tion and oxygen exchange will approach
normal values. In addition, pulmonaryartery pressures without exercise will be
relatively normal. This factor—technical
proficiency—and an uncomplicated post
operative course appears to be essential to
successful bilateral lung reimplantation.
The necessity for reinnervation is still in
doubt. The surviving animals in this study

In 23 dogs subjected to bilateral lung
reimplantation, there were five early, and
three late survivors. Studies in all the ani
mals, including differential bronchospirometry and measurements of pulmonary
hemodynamics suggest that, with a tech
nically successful procedure, the functional
capacity of these animals ultimately returns
to near-normal levels. Adequate staging
and intensive postoperative care are essen
tial to success. Bilateral reimplantation in
the dog is thus technically feasible and
good functional results can be obtained.
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OXYTETRACYCLINE BONE LABELLING
In 1963 it was demonstrated that tetracy
clines produce macroscopic and microscopic
fluorescence of bone for six years after admin
istration, and that by administering tetracy
cline at intervals the growth of long bones
during the corresponding period can be quan
titatively determined. Woodhouse in 1962,
using tetracycline, demonstrated that an
avascular femoral head did not fluoresce;
iMilch in 1963 showed that in osteoarthrosis
the bone tissue became unevenly labelled so
that necrotic bone does not fluoresce and, in
regenerating bone areas, strong fluorescence is
produced.
In 39 white rabbits, the right hip acted as
a control. In the left hip in 15 animals,
the femoral neck was ligated with steel wire
and, in 24 rabbits, osteotomy of the femoral
neck was done— 12 had also severence of
ligamentum teres muscles.
Three days before sacrifice at different in
tervals, animals were injected with 50 mg./kg.
of oxytetracycline: the hip joint was exarticu

18.
19.

20.

21.

and pulmonary artery pressure studies,
/ . A. M. A., 183: 854, 1963.
S l i m , M. S. et al.: Successful bilateral reim
plantation o f canine lungs, Surgery, 5 5 :
676, 1964.
J u v e n e l l e , A. A. et al.: Pneumonectomy w ith
reimplantation of the lung in the dog for
physiologic study, J. Thorac. Surg., 2 1 :
111, 1951.
Sl im , M. S. et al.: Bilateral reimplantation of
canine lungs: anatomical and physiological
observations in a long term survivor, Ann.
Thorac. Surg., 1: 755, 1965.
Y e h , T. J., E l l is o n , L. T. a n d E l l is o n , R.
G.: Functional evaluation of the autotransplanted lung in the dog, Amer. Rev. Resp.
Dis., 8 6 : 791, 1962.
R esu m e

Chez 23 chiens qui avaient subi une reimplan
tation bilaterale des poumons, on a com pte cinq
survivants precoces et trois survivants tardifs.
L’etude sur ces animaux, comportant une bronchospirometrie differentielle et la mesure de l’hemodynamique pulmonaire permet de croire que,
avec une methode techniquement bien au point,
la capacite fonctionnelle de ces animaux finit par
revenir a des valeurs a peu pres normales. Pour
etre couronnee de succes, l’opeiation doit etre
bien preparee et suivie de soins post-operatoires
intensifs. La reimplantation bilaterale des poumons
chez le chien est done techniquement realisable et
permet d’aboutir a de bons resultats fonctionnels.

lated and the head of the femur was sectioned
in the frontal plane. After ethylene diaminetetra-acetate decalcification, histologic prepara
tions were made and the specimens were radio
graphed immediately after the animals had
been killed.
Avascularized bone in the femoral head and
neck showed no fluorescence and was early
distinguishable from the surrounding living
bone. Histologically, the degenerative changes
did not appear in the corresponding area until
two to three weeks after interference. A b
sence of fluorescence preceded the histologi
cally demonstrable necrotic changes. For many
months after the interference, the femoral head
which was operated upon had more intensive
oxytetracycline fluorescence than the intact
side.
Tetracycline labelling is thus a specific and
suitable method for investigating the blood
supply of bone.—Rokkanen, P., Slatis, P. and
Laine, H.: Oxytetracycline bone labeling of
experimental affections of the hip joint, Acta
Orthop. Scand., 3 6 : 241, 1965.
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THE EFFECT OF INTERRUPTION OF THE BRONCHIAL
CIRCULATION AND THE ADDITION OF CORTISONE AND LOW
MOLECULAR WEIGHT DEXTRAN TO BLOOD PERFUSATE
DURING PULMONARY PERFUSION IN DOGS*
JOHN A. AWAD,
JACQUES CHENARD, M.D., F.R.C.P.[C],+ WU LOU, M.D.,
F.R.C.S.[C], F.A.C.S.J MAURICE BEAULIEU, M .DJ and
JEAN-MARIE LEMIEUX, M.D.,|| Quebec, Que.
O f the various organs of the body, the
lungs seem to be particularly susceptible
to the deleterious effects of extracorporeal
cardiopulmonary bypass, and the severity
and frequency of these pulmonary lesions
are definitely related to the duration of the
perfusion.1 Experimentally, similar changes
have been found during isolation perfusion
of the lungs, although generally they appear
sooner and are more severe.2 Following
either total bypass or isolation perfusion of
a lobe, both lungs tend to be affected and
sometimes the most severe reactions are
found on the non-perfused side.2
These pulmonary lesions usually take the
form of moderate to severe congestion, a
variable amount of edema and diffuse areas
of patchy atelectasis. Microscopically, there
are perivascular, peribronchial and even
intra-alveolar hemorrhages. Intravascular
stasis and diffuse patchy areas of hemor
rhagic atelectasis are occasionally associ
ated with infarcts and intravascular blood
clots. Disruption, fragmentation and de
struction of the elastic fibres of the alveoli
have also been described (Fig. I).3
Many causes have been suggested for
the development of this syndrome.4'7 The
work described in this communication was
undertaken: first, to study the effects of
interruption of the bronchial circulation,
"From the Institut de Cardiologie de Quebec, the
Department of Experimental Surgery, Laval Uni
versity, and the Departments of Pathology and
Thoracic Surgery, Hdpital Laval, Quebec, Que.
tResearch Fellow, Institut de Cardiologie de Que
bec, Quebec, Que.
♦ Pathologist, Hopital Laval, Quebec.
§Surgeon, Hopital Laval, Quebec.
^Thoracic and Cardiovascular Surgeon, Hopital
Laval, Quebec.
IjProfessor of Surgery, Laval University and Chief
of Surgery, Hopital Laval, Quebec.
Supported by the National Health Project No. 6047-395 of the National Health Grants Program of
Canada.

which usually produces edema and con
gestion of the lung during isolation perfu
sion and second, to determine if the addi
tion of cortisone to the perfusing solution
would prevent these lesions.
r
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Fig. L—Lung perfused for five hours showing
edema, perivascular and peribronchial hemorrhage,
(hemalum-phloxin-saffron)
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M ethod

The technique of perfusion of a pulmon
ary lobe has been described more fully else
where.3 This method is shown diagrammatically in Fig. 2. Briefly it consists of passing
a catheter via the left femoral vein into
the lobar artery of the right middle lobe,
and, via the right femoral vein, passing a
catheter into the lobar vein, and perforating
the interauricular septum with a Ross transseptal needle. The endotracheal, arterial
(inflow) and venous-line pressures were
monitored continuously during the pro
cedure.
By leaving the chest wide open, the
thoracic organs were observed constantly
during the whole perfusion. In some ani
mals, the perfused lobe and its vessels were
completely mobilized, the bronchus was

A

A V

f
v

>

* ^
V

PULMONARY PERFUSION IN DOCS

January 1967

dissected clean near its root and the bron
chial vessels to the lobe were cauterized
or ligated. The lungs were kept well in
flated with a Jefferson respirator working
at a rate of 18/min. and at an endobron
chial pressure of —5 to + 1 8 cm. of water.
During these experiments it was noted that
higher pulmonary inflation pressures re
sulted in a proportionately greater increase
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of pressure in the inflow (arterial) cathe
ter, probably because of the increased re
sistance produced in the lobar vessels. If
the inflow pressure had not been raised by
the perfusion pump, the venous return
would have gradually decreased and even
stopped (Fig. 3).
The collecting bottle was always kept 80
cm. below the cardiac level in order to pro
vide good drainage and prevent congestion
of the lobe. Again, as can be seen from
Fig. 4, increases in the flow rate tended not
only to produce elevations in the inflow
pressure but also in the venous-line pres
sure.
M a t e r ia l

20
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Fig. 3.—Changes in the inflow (arterial) pressure
with increase in the endotracheal inflating pres
sure. Respiratory rate 18/min., flow rate 10 ml./
min. Average of three dogs.

Forty mongrel dogs, weighing between
15 and 21 kg., were premedicated with
atropine and anesthetized with intravenous
sodium pentobarbital. The chest was
opened and the femoral veins were dis
sected and isolated at the groin. In some
dogs, the lobar vein was cannulated without
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Fig. 4.—Changes in the inflow (arterial) pres
sure (solid line) and the venous pressure (dotted
line) with increase in the flow of the pump. Res
piratory rate 18/min. Endotracheal pressure from
—5 to + 1 8 cm. water. Average of six dogs.

disturbing the rest of the circulation and
the venous flow calculated. Before starting
the cannulation, the dogs were given 2
mg./kg. body weight of heparin and an
additional 1 mg./kg. each hour thereafter.
At the end of the operation, the heparin
was neutralized with 3 mg./kg. body
weight of hexadimethrine bromide (Poly-
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brene). Intravenous infusion of 5% dex
trose and blood were given in amounts
.sufficient to compensate for the losses of
these liquids. If there were no losses of air
or blood, the chest tube was removed the
same evening. Dogs that survived were
given penicillin, two million units, daily for
three days.
The dogs that died were autopsied as
soon as possible, usually within two to six
hours. Those that survived were sacrificed
two to four weeks later and examined im
mediately.
The 40 dogs were divided into two
groups (Table I). In Group 1, the collateral
circulation was left intact, while in Group
2 the bronchial circulation was interrupted.
The first group, 18 dogs, was further sub
divided into: (A) ten dogs perfused with
blood for 70 minutes at a flow of 7 ml./min.
and (B) eight dogs perfused with a mixture
of blood and low molecular weight dextran
(LMWD) for an average of 188 minutes
at a flow rate of 10 ml./min. (Throughout
the experiments, LMWD was used in nor
mal saline.)
The second group was divided as follows:
(A) Four dogs perfused with blood at 8
ml./min. for about 98 minutes. (B) Eight
dogs perfused with a mixture of blood and
LMWD at a flow rate of 10 ml./min. for
180 minutes. (C) Five dogs perfused with
a mixture of blood and LMWD at a flow
rate of 10 ml./min. but for 250 minutes.
(D) Five dogs perfused with blood and
LMWD to which cortisone 250 mg./500
ml. of solution was added. These animals
were perfused at a flow rate of 28 ml./min.
for about 270 minutes.

TABLE I.— R esults of L obar P erfu sio n in 40 D ogs
Time of
Coll,
perfusion Flow rate Venous flow Mortality
No. of
dogs
Perfusate
circ.*
(min.) (ml. /min.) (ml./min.)
(%)
Group
1- A
10
Blood
70
7
+
90.0
Blood and LMW Df
10
B
8
188
55
62 5
+
4
2-A
Blood
98
8
25.0
B
8
Blood and LMWD
180
10
37.5
10
Blood and LMWD
250
C
5
60.0
D
Blood, LMWD, and
5
270
cortisone
28
30
40. Of
‘Collateral circulation ( + = present, — = interrupted).
fLow molecular weight dextran (Rheomacrodex).
fOne dog died, probably because of a kink in the venous catheter.
—

—

—

—
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R esults

Group 1
(A).—Perfusion with homologous blood
seems to have been the most disastrous.
The mortality was 90% . In a short time
most of the lobes became severely con
gested, very dark and firm, thus resembling
hepatic tissue.
(■B).—There were eight dogs in this group
and the time of perfusion was somewhat
longer (188 minutes). The mortality,
though still high (62.5% ), showed that the
addition of low molecular weight dextran
( LM W D ) produced some improvement.
The necropsy findings showed various de
grees of edema, congestion and patchy
areas of hemorrhagic atelectasis. The ven
ous return in this group, calculated by
cannulating the pulmonary vein but with
out interfering with the artery, averaged
55 ml./min.
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end of the operation. In one of them death
was due, at least partially, to causes not
directly related to the perfusion itself. The
venous return catheter had been accidental
ly kinked for about 20 minutes, thus pro
ducing a severe congestion of the perfused
lobe and eventually death. The most char
acteristic finding in the other four dogs was
the nearly complete absence, at least gross
ly, of edema and congestion during the
whole perfusion. The microscopic findings
revealed only mild vascular stasis in the
lungs except in one animal that had marked
intravascular aggregation of blood cells;
this dog died shortly after the operation.
D iscussion

Unquestionably, extracorporeal bypass is
a long way from duplicating the natural
body processes and, in spite of every effort
to maintain the perfusion within the physio
logical limits, severe and sometimes fatal
pulmonary complications occur.9’ 10 More
Group 2
than one factor probably plays a role in the
The collateral circulation was inter production of this postperfusion lung syn
rupted and the group was further subdi drome. Thus, interruption of the bronchial
vided as follows:
collaterals, by preventing blood from the
(A)
.—The four dogs in this group weregeneral circulation from overloading the
perfused with blood and the mortality extracorporeal circuit, lowers the death
dropped to 25% . However, it should be rate following this procedure. High flow
noted that these animals were perfused for rates or a high venous pressure also tends
one and one-half hours only.
to raise the intracapillary pressure and thus
(B)
.—Eight dogs were perfused for threefavour the production of pulmonary edema
hours with a mixture of blood and LMWD. and congestion.
(C)
.—Five dogs were perfused for more The venous-line pressure, which under
than three hours with the previous mix ideal conditions may reflect, to a certain
ture. In the former group (B ) interrup extent, the pressure in the main pulmonary
tion of the bronchial circulation resulted in vein, does not actually measure the pres
a lower mortality (37.5 % ). However, when sure in the veins of the lobe. However, it
the perfusion time was increased beyond gives an indication of the amount of suc
three hours, the mortality immediately rose tion exerted on the main pulmonary vein.
to 60% . Towards the end of the procedure, The lobe, therefore, has to be watched for
some dogs had edema and patches of atel any signs of congestion because the pres
ectasis in the perfused lobe. The patholog
sures there may be considerably higher.
ical findings were similar, though general
The venous-line pressure has been found
ly less severe than those of Group 1. Fol
to vary with the level of the bottle and
lowing interruption of the bronchial circu
with
the flow rate and inflow pressure.
lation in Group 2B, the flow from the ven
From
this preliminary work, it seems that
ous catheter averaged only 30 ml./min.
the
addition
of cortisone to the perfusate
(D)
.—In this subgroup, in addition to
interruption of the collateral circulation, has, to a certain extent, decreased the num
cortisone was added to the perfusate in a ber and the severity of pulmonary lesions
concentration of 250 mg./500 ml. of solu and allowed us to carry on the perfusion for
tion. Two of these dogs (40% ) died at the longer periods. Furthermore, the postopera-
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tive course of these animals has generally
been relatively satisfactory in contrast to
dogs in the other groups that were some
what weak, listless, dyspneic and anorexic
for a few days. However, the addition of
both LM W D and cortisone, although they
have reduced the morbidity and mortality,
have not completely prevented the sludg
ing of the blood in the pulmonary vessels
(Fig. 5 ). Sometimes the deleterious effects

Fig. 5.—Lobe perfused with blood, LMWD and
cortisone following interruption of the bronchial
circulation. Note the intravascular blood-cell ag
gregations. (hemalum-phloxin-saffron)

of the perfusion seemed to affect the lungs
for long periods, as demonstrated by the
presence of pulmonary lesions, mainly vas
cular stasis, for as long as three weeks after
perfusion.
Whether the beneficial effects of corti
sone can be sustained when perfusions are
carried for much longer periods will need
to be clarified further.
Su m m a r y

an d

C onclusions

Severe pulmonary complications, mainly
due to diffuse patchy hemorrhagic atelec
tasis and manifested clinically by dyspnea
and alterations in pulmonary function tests,
frequently follow both prolonged extracor
poreal bypass and isolation perfusion of the
lungs. Similar lesions have also been noted
following severe shock'1 and exposure to
hyperbaric oxygen . vThe development of this postperfusion
lung syndrome has been ascribed to many
factors. Interruption of the bronchial circu

Vol. 10

lation, and the addition of LMWD reduced
the morbidity and mortality in dogs, and
allowed a longer perfusion.
The addition of cortisone to the perfu
sate seemed to have exerted some beneficial
effect, although it apparently did not com
pletely prevent intravascular sludging.
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R e su m e
On a provoque experimentalement, par perfu
sion isolee des poumons, des lesions semblables a
celles qu’on observe apres derivation cardiopulmonaire. Ces lesions consistent principalement en re
gions inegales et diffuses d’ateleetasie hemorragique accompagnee d’hemorragies perivasculaires, peribronchiques et intra-alveolaires. On a
decouvert des agregats de cellules sanguines et
parfois des caillots sanguins dans les petits vaisseaux. Cette etude a ete entreprise en vue d’evaluer l’effet resultant de l’interruption de la circu
lation bronehique et de l’addition de cortisone et

f

r[r
L.
L

W

V
r

January 1967

99
GASTRIC NEOPLASIA
de dextran de faible poids moleculaire (Rheoma- d’abaisser sensiblement la mortalite. (3) L’intercrodex) au liquide de perfusion, pour prevenir ruption de la circulation bronchique a eu un effet
les complications pulmonaires de la perfusion lo- nettement favorable. (4) L’addition de cortisone a
baire chez le chien. Dans les conditions de l’ex- un melange de sang et de Rheomacrodex s’est
perience, on a constate que (1) la perfusion lobaire traduit par une periode post-operatoire plus calme
avec du sang homologue et sans interruption de et une diminution de la morbidite et de la mor
la circulation bronchique a entraine un effet tres talite. Cependant, nous devons ajouter que, meme
nuisible sur les poumons. La mortalite a ete de dans ce dernier groupe, on a observe un peu
90%. (2) L’addition de Rheomacrodex a permis d’agglutination des elements du sang.

ACHLORHYDRIA, GASTRIC MUCOSAL ATROPHY AND GASTRIC
NEOPLASTIC LESIONS IN RATS, MICE AND HAMSTERS TREATED
WITH AN ANTICHOLINERGIC DRUG, PROPANTHELINE BROMIDE,
AND A CARCINOGEN, 20-METHYLCHOLANTHRENE0
K. KOWALEWSKI, Ph.D., M.D. and T. KASPER, M.D., Edmonton, Alta.
Achlorhydria and gastric mucosal atrophy
are of considerable importance because of
their frequent association with gastric ma
lignancy. The etiologic relationship be
tween these conditions, however, remains
obscure. Both gastric atrophy and gastric
carcinoma appear to be uniquely human
diseases and rarely, if ever, occur spon
taneously in animals.1"5 No consistent, re
producible experimental method of produc
ing gastric achlorhydria and atrophy has
yet been reported. Also, the stomachs of
various laboratory animals have resisted,
almost completely, numerous and varied
attempts to induce malignant lesions;3,8
however, some rodents develop adenocar
cinomas after direct implantation of car
cinogens into the gastric walls.7 It appears,
therefore, that the gastric mucosa of lower
animals is highly resistant to both atrophic
and neoplastic changes.4 Is the resistance
of the gastric glandular mucosa of these
animals to atrophic changes an important
factor in their freedom from gastric carci
noma? The answer to this question may
contribute to an understanding of the etio
logic relationship between gastric mucosal
atrophy and gastric malignancy.
Work hyperplasia of the parietal cells
may be induced by chronic augmentation
of physiologic stimuli to gastric secretion
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and such a hyperplasia may develop in a
relatively short time. (Cessation of this
chronic stimulation results in a decrease
of secretion and degeneration of gastric
mucosal cells.)8 Chronic inhibition of physi
ological stimuli to gastric secretion, there
fore, appears to be a possible method of
affecting the secretory mucosa of the
stomach. Both clinically8, 10 and experimen
tally,11 the anticholinergic agent, propan
theline bromide, has been found to be a
potent inhibitor of gastric secretory func
tion. Our preliminary study12 showed that
prolonged administration of this agent in
duced significant and apparently persistent
reduction of both the volume and acidity of
gastric content in rats, mice and hamsters.
This method was therefore used in an at
tempt to induce achlorhydria and gastricatrophy in rodents exposed to intragastrically implanted 20-methylcholanthrene. The
data on gastric secretion, on gastric muco
sal changes diagnosed as atrophy, and on
other pathological changes of the stomach
in the three species studied, are reported
in this communication.
M ethods

In this study, 376 male Sprague Dawley
rats, 147 C-57-BL/6J mice and 114 Syrian
golden hamsters were used. Respective ini
tial body weights of these rodents averaged
230 g., 25 g. and 110 g.
The following groups of animals were
studied:
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(1) Controls: These received only solvent
by intramuscular injection.
(2) Treated with propantheline: These
received intramuscular injections, twice
daily, of 5 m g./kg. body weight of propan
theline bromide in 0.2% aqueous solution.
(3) Gastric carcinogen implantation: Ani
mals were anesthetized and their stomachs
were delivered through a midline epigastric
incision. The carcinogen was injected into
the anterior wall of the gastric antrum. The
volumes injected were 0.02 ml., 0.01 ml. and
0.02 ml. respectively, in rats, mice and ham
sters. These represented doses of 0.6 mg.,
0.3 mg. and 0.5 mg. of 20-methylcholanTABLE
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threne in suspension. A small yellow bleb
on the antral wall indicated successful sub
mucosal deposition of carcinogen. The
peritoneum and skin were closed with silk
sutures.
(4)
Carcinogen plus propantheline: As in
Group 3, carcinogen was implanted, and
injections of propantheline bromide (as in
Group 2) were begun immediately after
the operation.
This experiment lasted for about 12
months. Animals with gastric tumours on
palpation were sacrificed. In these animals
and others, sacrificed periodically in groups
of eight or 10, an attempt was made to col
lect the gastric contents and to conserve
gastric mucosa for histological study. For
gastric juice collection, animals were sacri
ficed after a 48-hour fast and four hours
after the ligation of cardia and pylorus.13
The gastric contents were then removed
and, with the organ still in situ, buffered
formalin was injected directly into the gas
tric cavity. All tissues were stained first
with hematoxylin and eosin and, where
indicated, additional mucin and periodic
acid-Schiff stains were prepared, mainly
to distinguish undifferentiated carcinoma
from sarcoma and occasionally to aid in a
clear assessment of intestinal metaplasia.
To determine exactly the action of one
dose of propantheline bromide used in this

TABLE I I .— E f f e c t

o f P r o p a n t h e l in e B r o m id e (P r o -B) on G a s t r ic S e c r e t io n o f R a t s
a n d H a m s t e r s (H ). T r e a t m e n t W it h P r o -B B ega n on t h e D a y o f I n t r a m u r a l G a s t r ic
o f C a r c in o g e n , 20-M e t h y l c h o l a n t h r e n e (MCH). G a s t r ic C o n t e n t C o l l e c t e d F o u r
t h e L ig a t io n o f C a r d ia a n d P y l o r u s . M e a n V a l u e s

(R ), M ic e (M )
I m p l a n t a t io n
H ours A fte r

Gastric content
No. of
animals

Animals
R
R
R
R
R

..................................
..........
................

Treatment

Duration of
treatment
in weeks

Vol.
(ml.)

HCl
(mEq./l.)

Percentage
with no free
HCl

—
- 24
- 48
-2 8
-4 8

6.0
1.8
6.2
2.6
1.3

75
21*
50
16*
7*

0
50
6
50
80

..............

30
30
94
20
30

None
Pro-B
MCH
MCH+Pro-B
MCH+Pro-B

M ..................................
M
M
M ..................................
M

10
15
40
18
24

None
Pro-B
MCH
MCH+Pro-B
MCH+Pro-B

—
20 - 24
20 - 48
20 -2 8
40 - 48

0.6
0.3
0.4
0.3
0.3

38
10*
30
12*
10*

0
33
3
46
58

H ..................................
II ..................................
H ..................................
H ..................................

10
15
25
25

None
Pro-B
MCH
MCH+Pro-B

—
20 - 24
20 - 48
20 - 48

2.1
0.8
2.3
1.2

41
11*
29
5*

0
40
11
70

20
20
20
40

* = P < 0.1% versus controls and MCH group, of respective species.
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study, the following preliminary experiment
was performed: gastric contents were col
lected four hours after ligation of the py
lorus and cardia and at various times after
an injection of 5 mg./kg. body weight of
cholinergic drug.12 Whenever gastric acid
ity was studied, the classical method of
titration with sodium hydroxide and Topfer’s indicator was used. As no maximal
stimulant of gastric secretion was used, we
did not demonstrate that “absolute achlor
hydria”14 developed in our animals. The
term, “achlorhydria”, used in this experi
ment therefore, means the absence of free
HC1 in the stomach contents (as deter
mined using an indicator giving isoelectric
titration point at pH 3.5) four hours after
the ligation of the cardia and pylorus.
R

esu lt s
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Histology
Several categories of histological altera
tions were observed in the stomach of these
animals. The terms used to characterize
these alterations in the Tables III and IV
are as follows:
A. Lipoid granuloma (Fig. 1 ).—An area
of reaction usually in the submucosa but
occasionally in the muscular or subserous
layers, in which lipoid-filled histiocytes
were readily identified. Surrounding the
lipoid-filled histiocytes there was a variable
fibrous-tissue reaction and chronic inflam
matory-cell infiltration consisting prin
cipally of lymphocytes.
Occasionally
cholesterol-like clefts were observed. When
these areas did not contain lipoid-filled
histiocytes but only a fibrous-tissue reac
tion, they were classed as “fibrous granu
lomas”.

Gastric Secretion
Table I shows the elfect of one dose of
propantheline bromide (Pro-B) on gastric
secretion of normal rodents. The maximal
inhibitory action of this drug was between
the fourth and sixth hours after the injec
tion. Animals studied 24 hours after the in
jection had normal secretion. This finding
is important in the interpretation of Table
II, which shows the effect of repeated in
jections of Pro-B on gastric secretory func
tion. Achlorhydria observed in rodents
treated with Pro-B is not considered to be
due to an acute effect of this drug (Table
I) but to a sustained reduction of gastric
secretory function (Table II). It may also
be seen from Table II that the percen
tage of cases with achlorhydria is related
to the duration of treatment.

T A B L E I I I . — H ist o l o g ic a l D i a g n o s i s

o f G a st r ic
M u c o s a l A t r o p h y in R o d e n t s W i t h I n t r a m u r a l
G a s t r i c I m p l a n t a t io n o f t h e
C a r c in o g e n ,
2 0 -M e t h y l c h o l a n t h r e n e (M CH ), T r e a t e d a n d
N o t T r e a t e d W ith P r o p a n t h e l i n e B r o m id e
(P ro - B ) *

No. of
stomachs

Percentage
of
stomachs
with
mucosal
atrophy

M C H .................. . rats
M C I !.................. . mice
M C H .................. . hamsters

108
70
54

16.7
12.8
15.0

M C H + P ro -B . . rats
M CH + Pro-B. . mice
M C H + P r o - B . . hamsters

50
43
35

4 4 .0
2 5 .6
3 1 .5

T reatment

Animals

*D uration of treatment 20 to 48 weeks; com
parable sampling methods in three species.

T A B L E IV .— M a jo r H is t o l o g ic a l C h a n g e s ,
and

in P e r c e n t a g e o f C a s e s , in t h e S t o m a c h s o f R a t s , M i c e
H a m s t e r s W it h I n t r a g a s t r ic a l l y I m p l a n t e d 2 0 - M e t h y l c h o l a n t h r e n e (M CH ), T r e a t e d o r N o t
T r e a t e d W it h P r o p a n t h e l in e B r o m id e ( P r o - B ) . N u m b e r o f A n im a l s in B r a c k e t s

Rats
Diagnosis

MCH
(108)

Chronic inflammation..................
Lipoid granuloma
Fibrous granulom a.....................
Mucosal atrophy........................
Intestinal m etaplasia....................
Atypical epithelium ...................
Glandular penetration...............
Carcinom a........................................
Sarcom a............................................

47.0
6 .5
43.5
16.7
0 .9
13.0
14.4
1 .8
9 .3

Mice

Hamsters

M C H + P ro -B
(50)

M CH
(70)

M C H +P ro-B
(43)

M CH
(54)

M C H + P r o -B
(35)

2 0 .0
4 .0
66.0
4 4 .0
14.0
10.0
12.0
8 .0
0 .0

17.2
0 .0
2 .9
12.8
1 2 .8
15.7
18.6
4 .3
3 2 .9

2 .3
0 .0
2 .3
2 5 .6
16.2
3 5 .0
51.1
2 .3
7 .0

2 6 .0
11.0
5 .5
15.0
15.0
2 2 .0
2 2 .0
3 .7
7 .4

0 .0
0 .0
2 .8
3 1 .5
2 .8
8 .6
1 7 .2
2 .8
2 0 .0

\
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Fig. 1.—Lipoid granuloma in MCH-treated ham
ster. An accumulation of lipoid histiocytes in the
submucosa is surrounded by a zone of fibroustissue proliferation, with a moderate chronic in
flammatory-cell infiltration. (H & E x 125)

-L
B. F ibrous granuloma (Fig. 2 ).—These
lesions were areas of focal reaction
assumed to be the site of 20-methylcholanthrene (MCH) implantation. In most cases
no evidence of residual implanted material
could be identified except for occasional
cholesterol-like clefts in the fibrous tissue.
If lipoid-filled histiocytes were present, the
lesion was classed a lipoid granuloma.
C. Chronic inflammation (Fig. 3 ).—Gen
erally speaking, this lesion was more diffuse
than that seen in Figs. 1 and 2. Vari
able degrees of what was considered to be
excess chronic inflammatory-cell infiltration
were observed in the mucosa and occasion
ally in the submucosa or other coats of the
stomach. In most cases it was difficult to
decide whether this inflammation was re
lated to the site of MCH implantation be
cause fibrous-granuloma or lipoid-granu
loma formation was often not seen.
D. M ucosal atrophy (Fig. 4 ).—Atrophy
of the glandular portion of the gastric mu
cosa was considered to be present when
there was generalized thinning of the mu
cosal layer, which was usually associated
with atrophy or loss of zymogen granules,

Fig. 2.—Fibrous granuloma in Pro-B- and MCHtreated rat. There is a reactive fibrous nodule in
the submucosa in which cholesterol-like clefts are
easily identified. In the nodule and surrounding
tissue there is usually a variable chronic inflam
matory-cell infiltrate. In many nodules, the chol
esterol clefts are not as prominent as shown here
and there is a greater preponderance of fibrous
tissue. (H & E x 125)

chief cells, and/or parietal cells. Focal or
localized areas of mucosal thinning were
not accepted as atrophy because such
changes may have been due to oblique sec
tioning of irregularly folded areas; this
could have led to overinterpretation of arte
facts.
E. Intestinal metaplasia (Fig. 5 ).—This
lesion was considered present when there
was unequivocal evidence of transforma
tion of the gastric mucosa from a normal
pattern of glands and cells to a type more
consistent with intestinal mucosa. In this
lesion there is greater branching of the
glands than is usually seen in the stomach,
numerous mucous-containing goblet cells,
and many indifferent glandular cells that
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Fig. 4a
Fig. 4b
Fig. 4.—Mucosal atrophy. Figure 4a shows the
average thickness of normal glandular mucosa in
the rat. Figure 4b, at the same magnification for
comparison demonstrates the marked thinning of
the glandular mucosa in an area of atrophy in a
Pro-B- and MCH-treated rat. There is usually as-

Fig. 3.—Chronic inflammation in Pro-B- and
MCIi-treated rat. There is marked chronic in
flammatory-cell infiltration (predominantly lymph
ocytes) in the submucosa. A portion of the basal
mucosa is seen at the top of the photograph. (H &
E x 250)

could not be identified as either chief cells
or parietal cells. This lesion is sometimes
considered to be one of the components
of gastric mucosal atrophy; however, for
the purposes of this study, we decided to
separate this group specifically from
atrophy, in which there is a simple loss of
mucosal thickness.
F. Epithelial atypias (Fig. 6).—In con
trast to mucosal atrophy and intestinal meta
plasia, this lesion was usually a focal one
in which the gland epithelium seemed to
Fig. 5.—Intestinal metaplasia in Pro-B- and
MCH-treated rat gastric mucosa. Chief and pari
etal cells are replaced by mucous-secreting goblet
cells associated with frequent thinning of the
mucosa in such areas. Occasionally Paneth-like
cells can be seen in the deeper portions of such
glands. Often there is also a tendency to branch
ing of the glands. (H & E x 250)
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Fig. 7.—Glandular penetration in Pro-B- and
MCH-treated rat. Glands of an atypical pattern
penetrate into the submucosa although individual
cells within these glands do not show unequivocal
malignant changes. The lesion is usually more
focal than seen here, this is one of the more ad
vanced of these lesions. (H & E x 9)
Fig. 6.—Mucosal epithelial-cell atypia in Pro-B
and MCH-treated rat. In this field as well as
intestinal metaplasia, there is irregular basal cystic
dilatation of mucosal glands with accompanying
nuclear atypia of the lining cells. The lining cells
tend to revert to an indifferent cell type. (H & E
x 250)

muscular coats. In the majority of instances
this lesion was associated with atypical
epithelium.
H. Adenocarcinoma (Figs. 8 and 9 ).—
Adenocarcinoma was considered present
when unequivocal cytologically malignant
revert to an indifferent type of glandular cell elements showing some attempt at
cell with a relative paucity of cytoplasm. In gland formation were encountered invad
some cases, there was definite nuclear hy- ing the muscle layers. In no instances was
perchromasia and chromatinic irregularity. a metastatic
carcinoma encountered.
Often in these focal areas, in addition to Adenoacanthomatous metaplasia was some
these glandular cells, there was abnormal times observed, especially in the adenocar
basal cystic dilatation of the glands with cinomas in rats.
occasional irregular branching. There was
I. Sarcoma (Figs. 10 and 11).—Sarcoma
also stratification and pseudostratification was considered present when cytologically
of cells with occasional intraluminal papil malignant cells of connective-tissue type
lomatosis.
were found. Generally speaking, this lesion
G.
Glandular penetration (Fig. 7 ).—Thiswas represented, grossly, by large nodular
was considered present when, in focal masses in the abdomen, which often were
areas, additional glands were observed be connected to the stomach wall. In some
low the level of the glands of the adjacent cases, the site of tumour origin appeared
more-normal mucosa. In many cases this to be the abdominal wall, and the stomach
focal lesion extended only into the submu presented a normal appearance. This may
cosa but occasionally there was penetra have been due to contamination of the
tion through the muscularis mucosa to the abdominal cavity with carcinogen at the
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Fig. 8.—Gastric adenocarcinoma in Pro-B- and
MCH-treated rat. Cords and acinar-like accumu
lations of malignant glandular cells can be seen
invading the submucosa and museularis mucosa.
(H & E x 190 approx.)

Fig. 9.—Undifferentiated gastric adenocarcinoma
in Pro-B- and MCH-treated hamster. The gastric
mucosa is at the top and the deeper layers of the
wall are replaced by a mass of relatively undiffer
entiated malignant cells. Mucin stains, however,
were positive indicating an undifferentiated adeno
carcinoma. (H & E x 190 approx.)

time of its implantation. Since, in the ma
jority of instances, both the abdominal wall
and the stomach appeared to be involved
in a massive neoplasm, an earlier attempt
at separating abdominal-wall sarcomas from
the gastric sarcomas was abandoned. Histo
logically the sarcomas showed variable de
grees of dilferentiation and some very ana
plastic forms were encountered. In situa
tions where the lesion might have been a
very anaplastic adenocarcinoma, mucous
stains were used to make the distinction.
From the point of view of this experi
ment, the most interesting histological alter
ation appeared to be gastric mucosal
atrophy.
The frequency of gastric mucosal atrophy
in rodents, under various treatments, is
shown in Table III. The overall results of
histological studies that resulted in the di
agnosis of atrophy are presented. Only two
groups of animals are compared: MCHtreated rodents served as controls for the
animals with the combined treatment. From

a comparison of Tables II and III, it is
apparent that the histological study ( Table
I II) includes more animals than the study
of gastric juice. Some animals did not sur
vive the surgical procedure carried out be
fore collection of juice; in some, for techni
cal reasons, the collection was not com
plete. In these animals only histological
studies were done. Precise correlation of
histological data with secretion data was
not attempted for this reason.
In all animals with mucosal atrophy in
which gastric secretion studies were also
performed, hypo- or achlorhydria was
found. Plowever, in some of those with re
duced gastric secretory function, no mu
cosal atrophy was recognized. Table III
shows that, in rodents treated with Pro-B,
gastric mucosal atrophy was at least twice
as frequent as in animals with MCH im
plant alone.
Table IV summarizes the major histolog
ical findings in this study. Mucosal atrophy
has been already discussed, in relation to
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Fig. 10.—Fibrous sarcoma in Pro-B- and MCHtreated rat. A moderately well-differentiated
spindle-cell fibrosarcoma is seen beneath the gland
ular gastric mucosa. (H & E 190 approx.)

Table III. Species differences in the dis
tribution of the various histological lesions
are striking.
Lipoid granuloma was absent in mice
and in Pro-B-treated hamsters. Fibrous
granuloma was rare in mice and hamsters,
but frequent in rats. The frequency of
chronic inflammation was consistently re
duced in Pro-B-treated rodents.
The incidence of intestinal metaplasia in
creased almost 15-fold in Pro-B-treated
rats. This finding is particularly important
in view of the relatively high incidence of
adenocarcinoma in this species, compared
to mice and hamsters. Atypical epithelium
and glandular penetration was seen more
frequently in Pro-B-treated mice than in
MCH-treated mice. In this respect, mice dif
fered significantly from the other species
studied. There was another striking species

Vol. 10

Fig. 11.—Undifferentiated pleomorphic sarcoma
in Pro-B- and MCH-treated rat. There is marked
nuclear pleomorphism in this undifferentiated neo
plasm; many mitotic figures are seen. Such totally
undifferentiated neoplasms were interpreted as un
differentiated sarcomas when mucin stains were
negative. (H & E x 250)

difference with respect to sarcoma; in ham
sters, the highest incidence of sarcomas
was observed in Pro-B-treated animals; in
mice and in rats, the highest incidence of
sarcomas occurred in animals that had no
Pro-B treatment. The absence of this lesion
in Pro-B-treated rats is intriguing but diffi
cult to explain.
D iscussion

The frequently postulated etiologic re
lationship between achlorhydria, gastric
mucosal atrophy and gastric malignancy is
poorly defined and has not been verified
experimentally. An attempt was made to
produce achlorhydria and gastric mucosal
atrophy in rodents exposed to a known car-
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cinogen, 20-methylcholanthrene. Repeated
inhibition of gastric secretory function in
animals was used to produce chronic
achlorhydria and a previously studied12
anticholinergic agent, propantheline bro
mide ( Pro-B), was chosen for this purpose.
It was considered that gastric mucosal
atrophy may be induced by chronic inhibi
tion of gastric secretory function; such “rest
hypoplasia” is a known biological phenom
enon in contrast to “work hyperplasia”.
Gastric malignant lesions were induced by
intramural implantation of 20-methycholanthrene (MCH), a method previously found
successful in mice.7 We combined Pro-B
treatment with MCH carcinogenesis ex
pecting that the induced achlorhydria and
mucosal atrophy would modify the patho
logical effects of carcinogen.
Methylcholanthrene implanted in the
submucosal region of the glandular mucosa
may produce epithelial atypias and glandu
lar infiltration, which has sometimes been
interpreted as carcinoma in situ. If these
lesions represent a pre-invasive form of
carcinoma or at least pre-malignancy, it
might be expected that the addition of such
factors as achlorhydria and gastric mucosal
atrophy might potentiate any malignant
change. Success in such experiments would
support the etiologic relationship between
these factors and gastric malignancy.
Only some of our expectations were veri
fied. Pro-B did increase the frequency of
gastric mucosal atrophy and appeared to
he responsible for the high frequency of
achlorhydria in rats, mice and hamsters.
Histologically, the most striking finding was
the variability of changes between the
species. In Pro-B-treated rats, in which the
incidence of mucosal atrophy and intestinal
metaplasia—considered by some to be a
possible pre-malignant change—was high,
the incidence of gastric carcinoma was also
increased. In this species there was some
degree of correlation between achlorhydria,
mucosal atrophy, possible pre-malignant
lesion, and carcinoma. A high incidence of
some possibly pre-malignant lesions was
observed in Pro-B-treated mice, but few
animals developed gastric carcinoma. Thus,
we did not reproduce the results of Stew
art, Snell and Hare7 who induced gastric
carcinoma in 25% of C-57-BL mice, by im

plantation of MCH. Perhaps these authors
used a more susceptible strain of mice. In
hamsters, the only marked effect of Pro-B
was to produce mucosal atrophy and sar
coma. No sarcomas were found, however,
in Pro-B-treated rats. These differences be
tween the various species cannot yet be
explained and further investigation is indi
cated.
S um m ary

The study described in this communica
tion was stimulated by the hypothesis that
there is an etiological relationship between
achlorhydria, gastric mucosal atrophy and
gastric malignancy. An attempt was made
to verify this hypothesis by producing
achlorhydria and gastric mucosal atrophy
in rats, mice and hamsters with gastric-wall
implantation of the carcinogen, 20-methyl
cholanthrene (M CH ). This carcinogen is
known to induce pre-malignant and malig
nant lesions in certain rodents, and we pro
posed that achlorhydria and mucosal
atrophy would potentiate the carcinogenic
effects of MCH.
Prolonged treatment of rats, mice and
hamsters with the anticholinergic drug,
propantheline bromide (Pro-B), produced
a significant increase in achlorhydria and
gastric mucosal atrophy in animals exposed
to the carcinogen. The frequency of gastric
lesions, considered by some to be premaligant, was increased in Pro-B-treated
rats and mice. Gastric carcinoma was more
frequent in Pro-B-treated rats than in the
MCH group. Striking differences were ob
served between species in the various
pathological lesions of the stomach due to
the carcinogen. These are discussed in de
tail.
This study was supported by a research grant
from National Cancer Institute of Canada. Dr. G.
E. Green is thanked for the help in reviewing
histological material and Mrs. E. Dimitrov for
technical assistance.

Refe r e n c e s

1. F o r t n e r , J. G.: Spontaneous tumors, includ
ing gastrointestinal neoplasms and malig
nant melanomas, in the Syrian hamster,
Cancer, 10: 1153, 1957.
2. G l a s s , G. B. J.: Gastric atrophy; its clinical
significance and methods of detection,
Amer. J. Din. Dis., 2: 709, 1957.

108

THE CANADIAN JOURNAL OF SURGERY

3. H it c h c o c k , C. R.: Studies in experimental
gastric carcinogenesis, Minnesota M ed., 32:
910, 1949.
4. H itc h c o c k , C. R.; M a c L ea n , L. D. and
S u l l iv a n , W. A.: The secretory and clini
cal aspects of achlorhydria and gastric
atrophy as precursors of gastric cancer, ].
Nat. C ancer Inst., 18: 795, 1957.
5. S t o r e r , E. H. et a l Experimental production
of atrophic gastritis, Surg. Forum, 9 : 420,
1958.
6. M o r r is , H. P. et al.: Comparative carcinogenic
effects of N,N'-2 7-ffuoroenylenebisacetamide by intraperitoneal and oral routes of
administration to rats, with particular refer
ence to gastric carcinoma, ]. Nat. Cancer
Inst., 29 : 977, 1962.
7. S t e w a r t , H . L., S n e l l , K. C. and H a r e , W .
V . : Histopathogenesis of carcinoma induced
in the glandular stomach of C57BL mice
by the intramural injection of 20-methyloholanthrene, J. Nat. Cancer Inst., 21:
999, 1958.
8. L andor , J. H., P o r t e r f ie l d , J. F. and W o l f f ,
W . S.: The parietal cell response to chronic
gastric secretory stimulation, Surg. Gynec.
Ohstet., 1 2 2 : 61, 1966.
9. K a s ic h , A. M. et al.: Prolonged achlorhydria
in duodenal ulcer from intramuscular ad
ministration
of
anticholinergic
drugs,
Amer. J. Dig. Dis., 7 : 886, 1962.
10. R o n s k y , R. a n d S k a l a , I.: The influence of
probanthine upon the gastric secretion of
HC1 and pepsin in patients with peptic
ulcers, Amer. J. Dig. Dis., 4 : 276, 1959.
11. K o w a l e w s k i , K . et al.: Protective action of
pro-banthine (SC-3171) on experimental
gastric ulcers of rats, Canad. Med. Ass. J.,
71: 477, 1954.
12. K o w a l e w s k i , K .: Effect of prolonged admin
istration of an anticholinergic drug on gas
tric secretion of rats, mice and hamsters,
Arch. Int. Pharmacodyn., 152: 404, 1964.
13. S h a y , H., S u n , D. C. H. and G r u e n s t e in , M.
A.: A quantitative method for measuring
spontaneous gastric secretion in the rat,
G astroenterology, 26: 906, 1954.

VASCULAR INSUFFICIENCY WITH
FOOTBALL INJURIES
Three high school football players had dis
location of the knee or fractures about the
knee and associated vascular problems. Ampu
tation was necessary in one. Vascular repair
restored circulation in the other two. The diag
nosis and treatment of this type of injury are
discussed. Certain pitfalls for the surgeon in
such injuries are pointed out and the impor
tance of early recognition and prompt surgical
therapy is stressed.
In two patients, the damaged artery was
resected and replaced by a vein graft and, in
the third patient, primary resuturing was done.
In the patient with gangene, a vein graft inser
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14. S p a r b e r o , M. a n d K ir s n e r , J. B.: Current
concepts of gastric analysis, Amer. J. Dig.
Dis., 9: 567, 1964.

R esu m e
On connait parfaitement l’association frequente
d’un neoplasme gastrique, d'une reduction de la
secretion gastrique et de l’atrophie de la muqueuse gastnque. La relation etiologique existant
entre ces manifestations demeure mysterieuse. De
pendant 1’atrophie gastrique et le cancer gastrique
sont toutes deux des affections purement humaines, elles ne surviennent spontanement que
rarement, si jamais elles se produisent, chez l’animal. On n’a jamais signale auparavant de methode
reproductible permettant de provoquer une achlorhydrie et une atrophie gastrique experimentales.
Les animaux sont tres rebelles a l’induction de
ces lesions. Considerant qu’une inhibition permanente d’un stimulant de la secretion peut affecter
la muqueuse de 1’estomac, nous avons tente de
causer un hypofonctionnement gastrique et l’atro
phie de la muqueuse chez des rats, des souris et
des hamsters: pour ce faire, nous avons implante
dans l’estomac de ces animaux le carcinogene
qu’est le cholanthrene. Au cours de cette etude,
portant sur un grand nombre d’animaux, et qui a
dure plus de 12 mois, nous avons pu provoquer
l’achlorhydrie gastrique grace a un traitement
prolonge a base de bromure de propantheline,
anticholinergique bien connu.
La majorite ^des rats, souris et hamsters pre
sentment de 1’achlorhydrie apres avoir requ ce
medicament pendant une periode variant de 25
a 48 semaines. Les sujets-temoins presentaient
tous du HC1 libre dans les conditions de notre
experience. Un diagnostic histologique d’atrophie
de la muqueuse gastrique a ete porte chez la
majorite des animaux traites au bromure de pro
pantheline. II s’agit la d’observations tres significatives. Les lesions precancereuses de la muqueuse
gastrique ont ete plus frequentes chez les animaux
souffrant d’atrophie gastrique que chez les temoins.
On a egalement constate, suivant l’espece, des
differences de lesions muqueuses et de tumeurs
gastriques. On trouvera dans 1’article le detail des
donnees histologiques de cette etude.

tion was delayed because of unsuccessful strip
ping of adventia from a contused popliteal
artery.
The combination of injuries discussed in this
article is infrequent. However, certain factors
may predispose to an increased incidence in
the future: strong, lightweight equipment pro
tects most of the player’s body, but the knees
remain vulnerable; there is a wide discrepancy
in the size, weight, and skeletal maturity of
the football players at the secondary school
level; and the zeal and strength of these young
players often exceed their experience, co-ordi
nation and conditioning.— Hardy, I. H., Dun
can, W . L. and Anderson, L. D.: Vascular in
sufficiency with football injuries about the
knee, Amer. Surg., 3 2 : 155, 1966.
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HEALING OF INTESTINAL ANASTOMOSIS*
E. LETW IN , M.D., F.R.C.S.[C] and H. T. G. W ILLIAMS, M.B., Ch.B.,
F.R.C.S.[Eng. & C], F.A.C.S., Edmonton, Alta.
T h e traditional two-layer intestinal ana
stomosis is still common practice and has
been in use for more than 75 years. How
ever, as early as 1887, Halsted1 demon
strated the adequacy of a one-layer intes
tinal anastomosis performed with fine in
terrupted silk sutures. The one-layer ana
stomosis was further studied experimen
tally by Fellows et al.2 and by Sako and
Wangensteen3 in 1951. More recent clinical
studies have also been reported.4’ 5
This investigation concerns the evalua
tion of small intestine anastomoses in the
dog and comparison of the relative effici
ency of the single-layer and the convention
al double-layer methods of anastomosis.

the single-layer method and the two-layer
technique alternately. Ten anastomoses
were made in each dog, all of the open
type, without the use of bowel clamps.

M ethod

Healthy male mongrel dogs, weighing 16
to 22 kg. were used. In each of 25 dogs,
through a short midline laparotomy inci
sion, intestinal anastomoses were con
structed at intervals of about eight inches
along the length of small intestine, using

Fig. 2 .—One-layer intestinal anastomosis com
pleted.

One-layer anastomoses were fashioned
end-to-end, using simple interrupted su
tures of 4-0 silk through all layers (Figs.
1 and 2 ). The sutures were placed 3 mm.
apart and 2 mm. from each edge; the knot
was tied outside the lumen approximating
the serosa. For each two-layer anastomosis,
a continuous 000 chromic catgut spiral

Fig. 1.—Technique of one-layer intestinal ana
stomosis.

“From the Department of Surgery, and SurgicalMedical Research Institute, University Hospital,
Edmonton, Alta.
Presented at the Annual Meeting of the Royal
College of Physicians and Surgeons of Canada,
Montreal, Que., January 1966.

Fig. 3.—Technique of two-layer intestinal ana
stomosis.
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Fig. 4.—Segment of small intestine stained with alphazurine 2G dye. The double-layer anastomo
sis, shown on the right, produces greater devascularization of tissue in comparison with the single-layer
anastomosis, shown on left of the bowel segment. The unstained areas at the anastomotic junctions
represent devascularized tissues.

stitch was applied circumferentially through
all intestinal layers. They were also placed
at 3-mm. intervals and 2 mm. from the edge
of the bowel. An outer layer of interrupted
4-0 silk seromuscular sutures was then in
serted 3 mm. apart, inverting the catgut
suture line (Fig. 3). Their distance from
the edge of the bowel wall was estimated
to be 5 mm.
Five dogs were sacrificed on each of the
first five postoperative days. A comparative
evaluation was then carried out between
the single-layer and the double-layer ana
stomoses in each dog.
R esu lts

Suture Strangulation of Tissue

The strangulation of tissue at the site of
anastomosis was studied using alphazurine
2G dye intravenously (20 mg./kg. body
weight). This dye stains all vascularized
tissues an intense blue colour shortly after
intravenous injection, whereas devascular
ized tissues will not stain. Using the stain
ing technique to evaluate ischemia, a much
greater degree of strangulation at the ana
stomotic site was demonstrated in the two-

layer method as compared to the one-layer
technique (Fig. 4).
Strength of Anastomoses

Bursting strength of each anastomosis
was measured by applying hydrostatic pres
sure. The end point was easily determined
by using blue-coloured water to distend
the submerged bowel segment, and observ
ing the water escape through the site of
anastomotic rupture (Fig. 5).
The results are presented graphically in
Fig. 6. After one day of healing, the
strengths of the two types of anastomoses
were approximately equal. Between the
first and third days, there was a progressive
decline of anastomotic strength, more
marked in the two-layer group. After three
days of healing, the average single-layer
anastomosis was 15 to 20% stronger than
the average two-layer anastomosis, and re
mained so throughout the fourth and fifth
days of healing.
The Effect of Peritonitis on the
Anastomoses

In three dogs, generalized peritonitis
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Fig. 5.—Rupture of intestinal anastomosis under hydrostatic pressure. Initial escape of blue dye
signifies the end point.

occurred following leakage from a twolayer anastomosis. The strangulating effect
of the continuous catgut suture resulted
in a ridge of tissue necrosis (Fig. 7 ). The
necrotic tissue then separated from the vi
able bowel edges, and leakage occurred,
not through the line of anastomosis, but
just adjacent to it. This phenomenon was
not observed in any of the 125 one-layer
anastomoses.

Healing of intestinal anastomoses in the
three dogs with generalized peritonitis was
delayed in comparison with control ani
mals (Fig. 8 ). On the third postoperative
day, in the presence of peritonitis, the
strength of single-layer anastomoses was
about 55% less, and of two-layer anastom
oses about 70% less than in comparable
anastomoses of control dogs.

Fig. 6.—C,raph showing strength of one-layer and two-layer intestinal anastomoses during the
first five days of healing.
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Fig. 7.—Segment of bowel with a leaking twolayer anastomosis (mucosal surface). Note the ne
crotic ridge of tissue that has separated from viable
edges, allowing leakage.

Effective Lumen

Fig. 9.—Percentage stenosis in one- and twolayer intestinal anastomoses.

(Fig. 10) shows the effective lumen size in
each type of anastomosis after two days of
healing. In the one-layer anastomosis, there
was a stenosis of about 15%. In contrast,
the two-layer anastomosis had an effective
lumen of slightly less than 50% of normal.
The obstructive internal ridge of tissue and
blood clot in the two-layer anastomosis
should be compared with the smooth onelayer junction (Fig. 11).

Measurements of the effective lumen
through the anastomoses were made and
the results were plotted on a scattergram
(Fig. 9). In most one-layer anastomoses,
luminal stenosis of 15 to 25% was present.
With two-layer anastomoses, the average
degree of stenosis was 50 to 60% on the
first two postoperative days. This decreased Histological Evaluation
to about 30% after sloughing of necrotic Histological sections have shown that, on
tissue and blood clot during the third, the fifth day of healing, collagen fibres have
fourth and fifth days.
not yet bridged the anastomotic edges in
A typical comparative roentgenogram either the single- or double-layer specimens.

Day 3

Day 3

Fig. 8.—Comparison of anastomotic strength in dogs with and without peritonitis. Note that
one-layer anastomoses show greater strength than two-layer anastomoses in both groups.
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Fig. 10.—Comparative roentgenogram showing effective lumen size in one- and two-layer intes
tinal anastomoses after two days of healing.

However, in single-layer anastomoses, more
granulation tissue was apparent at this
stage than in two-layer anastomoses, and
reticulin fibres, believed to be collagen pre
cursors, were much more abundant in the
former (Figs. 12 and 13). The granulation
tissue was seen to be more properly placed
between the healing edges in one-layer
anastomoses, whereas in the two-layer his
tological sections, much of the granulation

tissue was positioned in the sutured ridge
projecting into the bowel lumen.
Biochemical Studies
More recently, biochemical methods have
been utilized in evaluating healing pro
cesses. Udupa and Dunphy6, 7 concluded
that wound healing has two biochemical
phases: (1 ) An initial productive phase

Fig. 11.—Mucosal surfaces of one- and two-layer intestinal anastomoses. On the left is a twolayer anastomosis showing an obstructive ridge of necrotic tissue and blood clot. On the right, for
comparison, is the smooth mucosal surface of a one-layer anastomosis from the same animal.
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Fig. 12.—Histological section showing retieulin
fibres in a healing five-day one-layer anastomosis,
(retieulin x 500)

Fig 13.—Histological section showing retieulin
fibres in a healing five-day two-layer anastomosis,
(retieulin x 500)

during which mucopolysaccharides and
soluble protein precursors of collagen, the
building blocks of repair, are produced;
(2 ) the phase of collagen deposition. In
this investigation the presence of muco
polysaccharides was determined by chemi
cal analysis for hexosamines,8 while hydroxyproline determinations were used as
an assay for collagen." On the second, third
and fourth days, one-layer anastomoses
yielded slightly higher quantitative values
of hexosamines than two-layer anastomoses
(Fig. 14). A similar trend was seen with
hydroxyprolines (Fig. 15). These values
parellel the relative strengths of the ana
stomoses.

They also had a larger effective lumen,
which i^ a distinct advantage. This avoids
proximal bowel distension and further
ischemia of an already devascularized ana
stomotic junction. In addition, kinking at
the site of anastomosis with obstruction is
less likely to occur if the degree of constric
tion is minimal. Tissue strangulation at the
anastomosis was found to be greater with
the two-layer method, contributing to leak
age in the postoperative period.
The placement of excessive or heavy su
ture materia] is often practised as a pos
sible safeguard against leakage of intestinal
anastomoses. Experimental evidence sug
gests that such techniques only delay heal
ing and may even predispose to dehiscence
of the line of closure.

D

is c u ss io n a n d

C on c lu sio n s

Generally, the single-layer anastomosis
proved to be superior in every respect
when compared with the double-layer ana
stomosis.
One-layer anastomoses were
slightly stronger at every stage of healing
during the first five postoperative days.

Su m m a r y

An experimental study was conducted in
dogs, comparing the relative efficiency of
the single-layer and the conventional
double-layer method of intestinal anastom-
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osis. Single-layer anastomoses showed
greater strength than two-layer anastom
oses, and possessed a larger effective lumen
during the early stages of healing. Tissue
strangulation at the anastomotic junction
was more apparent in the two-layer tech
nique, contributing to leakage in the post
operative period. The detrimental effect of
generalized peritonitis on healing intestinal
anastomoses was also demonstrated.

Fig 15.—Hydroxyproline levels in one- and twolayer anastomoses during the first five days of heal
ing.
The assistance of the following has been much
appreciated: Dr. T. A. Kasper for his histological
evaluations and The Edmonton Civic Employees
Association for their financial assistance.
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R esume
Les auteurs ont entrepris une etude experimen-
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tale sur 25 ehiens, au cours de laquelle ils ont
compare l’efficacite relative des deux methodes
d’anastomose intestinale, la methode de fermeture
en un plan et la methode classique en deux plans.
L ’anastomose en un plan s’est revelee superieure
a tous egards a la technique de fermeture en deux
plans. La premiere possedait plus de resistance
que la seconde et avait une lumiere d’un diametre
superieur durant les premieres phases de la cica
trisation. L ’etranglement tissulaire a la jonction de
1’anastomose etait plus considerable avec la me

thode en deux plans, ce qui avait tendance a
provoquer un suintement pendant la peiiode postoperatoire. On a aussi mis en evidence l'effet defavorable d’une peritonite generalisee sur la cica
trisation des anastomoses intestinales. On applique
souvent de gros fils a suture en vue de prevenir
le suintement au niveau des anastomoses intesti
nales. L ’experience revele que cette fagon de proceder n’a d’autre resultat que de retarder la cica
trisation et peut meme predisposer a la dehiscence
de la plaie operatoire.

D EFO R M ITY O F THE HAND IN
RH EUM ATO ID ARTHRITIS

If intra-articular damage is not severe and
mild deformity is present, extensor hood reef
ing and radial transfer of the extensor indicis
and extensor digiti minimi in addition to syno
vectomy is needed. For more severe joint
damage, arthrodesis, excisional arthroplasty or
replacement arthroplasty should be considered.
Proximal interphalangeal joint deformities
tend either to hyperextension as in the swanneck deformity or acute flexion in the bouton
niere configuration. Deformity at the meta
carpophalangeal joint is due to a complicated
inter-relationship between disturbance of the
extensor mechanism, flexor and extensor ten
don imbalance, and the more recently de
scribed buckling effect of the long tendon to
the finger. Established boutonniere disturb
ance is difficult to correct but, in the incipient
stage, proximal interphalangeal synovectomy
can do much to delay further progression.
Swan-neck deformity should likewise be treated
early. If the. primary causative factor is a dis
turbance of the extensor mechanism, tenotomy
of the central slip may be helpful; whereas, if
flexor and extensor imbalance is predominant,
a Littler release of the extensor hoods oblique
fibres is indicated. If neither of these two me
chanisms can be demonstrated, one may mini
mize the buckling effect by tenotomy of the
long flexor and extensor at their insertions
combined with terminal joint fusion. Arthro
desis or replacement arthroplasty is indicated
for late swan-neck deformity.— Crabbe, W. A .:
Deformity as seen in the hand affected by
rheumatoid arthritis: its prevention and correc
tion, Guy. Hosp. Rep., 114: 371, 1965.

Disabling deformity can be prevented or
function partly restored to the ruined rheuma
toid hand by appropriate operative techniques.
The basic synovial lesion of rheumatoid arth
ritis leads to characteristic deformities at vary
ing levels of the hand and wrist and may re
quire specific prevention or correction. At the
wrist, for example, early synovectomy may pre
vent or delay the progression of intra-articular
damage or, if such damage is already ad
vanced, arthrodesis may hold the wrist in a
functional position which is so important to
satisfactory hand function. Much of the dis
ability in rheumatoid synovitis pf the wrist
joint is due to its effect on the long tendons of
the fingers. Attrition ruptures or direct tendon
involvement of extensor tendons can be treated
by direct suture, tendon transfer, or free graft.
On the flexor side, arthrodesis of the affected
joint is usually better except when the flexor
pollicis longus is involved, then either a trans
fer or graft is needed. Median nerve compres
sion may also result from wrist synovitis and
can be successfully managed by volar decom
pression.
The characteristic deformity at the meta
carpophalangeal joint is ulnar deviation and
ventral subluxation of the proximal phalanx;
this is due in part at least, to collateral liga
ment laxity and intrinsic contracture. In the
early stage of the disease, there is swelling and
pain without intra-articular damage due to sy
novitis. This condition is ideal for synovectomy.

APPRECIATION
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1910-1966

Dr. Ian MacKenzie
T h e members of the Editorial Board of

The Canadian journal of Surgery mourn
the death of one of their number who
was a good friend and wise colleague.
Ian MacKenzie, Professor and Head of
the Department of Surgery of Dalhousie
University, died at Halifax on October
17, 1966 at 56 years of age.
He came to Canada in 1957 to accept
the post at Dalhousie which he occupied
until his death. He was a Scot, an Edin
burgh graduate, and trained in surgery
in that school. In 1939 he won a Com
monwealth Research Fellowship for
Cancer which took him to the Rocke
feller Institute in New York to work
under the direction of Peyton Rous. On
the outbreak of war he returned imme

diately to Great Britain to serve with
distinction in France and the Middle
East.
This quiet, courageous, able Scot
must have demonstrated unusual quali
ties in this early phase of the war. In
1942 he was selected to drop by para
chute into Yugoslavia to bring surgical
skills to Tito’s partisans and later was
dropped into France to perform the
same service for the Maquis. It is a com 
ment on his modest personality that we,
who knew him well, never heard him
mention these exploits. They were rec
ognized by an M.B.E., the Croix de
Guerre with gold star and a mention in
dispatches.
After the war he returned to the D e
partment of Surgery at Edinburgh, and
then to Durham University where he
became Chief Consultant Surgeon to the
West Cumberland group of hospitals.
At Halifax he was not only Professor
of Surgery but also Head of the Depart
ment of Surgery at the Victoria General
Hospital and Consultant to the Cana
dian Forces Hospital and Camp Hill
Hospital ( D V A ) . To Dalhousie he
brought the Edinburgh tradition of
sound teaching in the basic principles of
surgery and also renewed his interest in
research into some of the fundamental
biological problems of cancer. His final
illness was long and trying and was
borne with the fortitude characteristic
of a gallant soldier.
W e extend our sympathy to his wife,
Ann, his two daughters and his son.
F. G. K e r g in
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ing such changes as are necessary to en
sure correctness of grammar and spelling,
clarification of obscurities or conformity
with the style of T h e Canadian Journal o f
Surgery. In no case will major changes be
made without prior consultation with the
author. Authors will receive galley proofs
of articles before publication, and are asked
to confine alterations of such proofs to a
minimum.
Reprints
Reprints may be ordered on a form which
will be supplied with galley proofs. It is
important to order these before publication
of the article, otherwise an extra charge
for additional type-setting will be made.

R eferen ces
References should be referred to by numer
als in the text. They should include in
order: the author’s name and initials in capi
tals; title of the article; abbreviated journal
name; volume number, page number and
year. The abbreviations of journal names
should be those used by the National
Library of Medicine, Washington, D .C., as
published in Index M edicus. References to
books should include in order: author’s
name and initials; title of book; number of
edition (e.g., 2nd e d .); title of publishing
house; city of publication; year of publica
tion; page number if a specific reference.
Illustrations
A reasonable number of black-and-white
illustrations will be reproduced free with
the articles. Colour work can be published
only at the author’s expense. Photographs
should be glossy prints, unmounted and
untrimmed, preferably not larger than 10"
x 8". Prints of radiographs are required
and not th e originals. The magnification of
photomicrographs must always be given.
Photographs must not be written on or
typed on. An identifying legend may be
attached to the back. Patients must not be
recognizable in illustrations, unless the
written consent of the subject for publica
tion has been obtained. Graphs and dia
grams should be drawn in India ink on
suitable white paper. Lettering should be
sufficiently large that after reduction to
fit the size of the Journal page it can still
be read. Legends to all illustrations should
be typed separately from the text and sub
mitted on a separate sheet of paper. Illustra
tions should not be rolled or folded.
Language
It should be clearly understood that con
tributors are at full liberty to submit
articles in either English or French, as they
please. Acceptance will be quite independ
ent of the language of submission. If the
contributor wishes, he may submit an in
formative summary of not more than 300
words in the language other than that in
which he has submitted the article. For
example, an article in English must carry
an English summary and may, if the author
wishes, carry a more detailed summary in
French.
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LE JOURNAL CANADIEN DE CHIRURGIE
Toute communication concernant le Journal
devra porter la mention “Le journal canadien de
chirurgie” et etre adressee a l’Editeur, Publica
tions de l’A.M.C., 150 St. George Street,
Toronto 5.
Le journal est publie trimestriellement. Le
prix de l’abonnement est de $10. par an ($5.
par an pour les medecins qui sont residents en
chirurgie) et commence avec le numero de
janvier de chaque annee. Un exemplaire isole
coute $2.50 et est payable d’avance. (Nous
serions reconnaissants aux souscripteurs de vouloir bien ajouter a leur cheque le montant des
frais bancaires eventuels).
INSTRUCTIONS A NOS
COLLABORATEURS
Manuscrits
Les manuscrits d’articles originaux, de rap
ports cliniques etc. seront envoyes en deux
exemplaires, accompagnes d’une lettre deman
dant qu’on veuille bien considerer leur publica
tion dans L e journal canadien d e chirurgie. Ils
ne seront acceptes qu’a la condition qu’ils
n’aient ete soumis qu’a notre Journal et qu’ils
ne soient pas reimprimes sans le consentement
expres de l’editeur et l’auteur. L ’acceptation
ou le refus des articles soumis releve du Conseil de la publication. Si la place est disponible,
un nombre limite d’histoires cliniques pourront
etre publies. Les articles seront dactylographies
sur un seul cote d’un papier non ligne, a double
espace et avec une large marge. L’auteur devra
toujours conserver une copie au papier carbone
du texte soumis. Tout article devra etre accompagne d’un resume. L ’orthographe sera
celle adoptee par le dictionnaire Larousse.
Quant a la terminologie scientifique, elle sera
basee sur le Dictionnaire des termes techniques
de medecine ou tout autre ouvrage de refe
rence serieux. Le Conseil de la publication se
reserve le droit d’apporter au texte les changements qu’il jugerait a propos pour assurer la
correction grammaticale et 1’orthographe, pour
eliminer d’eventuelles obscurites ou pour rendre la presentation conforme au style du Jour
nal canadien d e chirurgie. Aucun changement
important ne sera apporte au texte sans que
l’auteur ait ete prealablement consulte. Les
auteurs recevront avant la publication des
epreuves d’imprimerie de leur texte, auxquelles
ils sont pries d’apporter le minimum de correc
tions.
Tires-a-part
On pourra commander des tires-a-part sur
une formule qui est envoyee avec les epreuves.
II est important de les commander avant la
publication de l’article, sous peine de devoir
payer un supplement pour une nouvelle com
position.

Bibliographic
Les references bibliographiques seront indiquees par des numeros dans le corps du texte.
Elies comprendront dans l’ordre: le nom de
l’auteur et ses initiales, en majuscules, le titre
abrege du Journal, le numero du volume, le
numero de la page et l’annee. Les abreviations
admises pour les noms de revues sont celles qui
figurent dans Vlndex M edicus de la Bibliotheque Nationale de Medecine, Washington,
D.C. Les renvois aux livres comprendront
dans l’ordre: le nom de l’auteur, ses initiales,
le titre de l’ouvrage, le numero de l’edition (p. ex. 2eme ed.), le nom de la
maison d’edition, la ville ou elle est situee et
l’annee de la publication; enfin, le numero de
la page s’il s’agit d’un renvoi precis.
Illustrations
Le journal accepte de publier gratuitement
un nombre raisonnable d’illustrations en noir
et blanc. Les reproductions de cliches en couleurs seront publiees aux frais de l’auteur. Les
photographies seront imprimees sur papier brillant, ne seront ni montees ni calibrees et d’un
format maximum de 8" x 10”. En ce qui conceme les radiographies, nous demandons des
copies et non pas Voriginal. On devra toujours
fournir un agrandissement de microphoto
graphies. II ne faut jamais ecrire ou dactylographier un texte quelconque sur les photo
graphies. Une legende les identifiant pourra
etre jointe au dos. Dans les illustrations montrant des malades, ceux-ci ne pourront etre
reconnus, a moins qu’ils n’en aient donne le
consentement ecrit prealablement a la publica
tion. Les graphiques et diagrammes seront dessines a l’encre de Chine sur un bon papier a
dessin blanc. Le lettrage devra etre ecrit en
caracteres assez grands pour que, apres reduc
tion proportionnelle au format du Journal, ils
soient encore lisibles. Les legendes devant
accompagner les illustrations seront dactylographiees sur une feuille independante du
texte. Les illustrations ne seront ni roulees ni
pliees.
Langue vehiculaire
II doit etre clairement etabli que les collaborateurs ont pleine liberte de soumettre leurs
articles en francais ou en anglais, a leur choix.
L’acceptation de l’article sera entierement inde
pendante de la langue choisie par 1’auteur. Si
le collaborates le desire, il peut decrire le
contenu de l’article en un sommaire ne depassant pas 300 mots et dans une langue differente
de la langue choisie pour l’article lui-meme.
Par exemple, un article ecrit en franqais doit
comporter un resume en franqais et peut, si
l’auteur le desire, etre accompagne d’un som
maire plus detaille en anglais.
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ROYAL COLLEGE NEWS

The Royal College o f Physicians
a n d Surgeons o f Canada

NEWSLETTER
1967 A n n u a l M e e t in g
The 36th annual meeting of The Royal
College of Physicians and Surgeons of
Canada will be held at the Chateau Laurier Hotel, Ottawa, January 19-21, 1967.
As in the past, this meeting will be pre
ceded on Wednesday, January 18, by that
of the Canadian Society for Clinical Inves
tigation.
A Royal College Lecture will be deliv
ered at 11.30 a.m. on each of the three
days. On Thursday, Professor D. G. Cam
eron of Montreal will talk on “Anemia
Associated With Disorders of the Small
Intestine”. The following day, Professor
Alexander Haddow of London, England
will speak on “Progress and Prospects in
Cancer Research”. The final lecturer will
be Professor Jean Patel of Paris whose
subject is “The Surgical Aspect of the
Question of Adenomas of the Islands of
Langerhans”.
The opening sessions on Thursday and
Saturday afternoons will be devoted to the
papers of the 1967 Medallists, Dr. R. O.
Heimbecker (Surgery) and Dr. D. R. Wil
son (Medicine), both of Toronto.
The Medal in Surgery was awarded to
Dr. Heimbecker for his essay “Surgery for
Massive Myocardial Infarction”. A native
of Calgary, Dr. Heimbecker, 44, received
his M.D. at the University of Toronto

A SYNOPSIS OF RENAL DISEASES AND
UROLOGY. Ashton Miller, N. Slade and H.
M. Leather. 276 pp. John Wright & Sons Ltd.,
Bristol; The Macmillan Company of Canada
Limited, Toronto, 1966. $6.25.

The authors, two urologic surgeons and a
physician, recognizing an overlapping of inter
ests in renal disease among the various spe
cialties have woven together under one cover
elements of two separate disciplines. If a “syn
opsis” is a summary giving a general view of
the subject, this work more than succeeds.
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(1947) and following this took the sixyear graduate program in surgery (Gallie
course) at the University of Toronto. In
1956 he received his Fellowship in the
Royal College of Surgeons (General Sur
gery). Currently Dr. Heimbecker is an
instructor in surgery at the University of
Toronto, Research Associate, Ontario Heart
Foundation, and is on the active staff of
the Toronto General Hospital.
Dr. Wilson’s winning essay was en
titled “Micropuncture Studies of the Patho
genesis and Prophylaxis of Hemoglobinuric
Acute Renal Failure”. Dr. Wilson, 31, is
a native of Toronto and received his M.D.
from the University of Toronto in 1959.
In 1964 he became a Fellow of the Royal
College of Physicians (Internal Medicine)
and in 1964-65 continued his postgraduate
training at the Renal Laboratory, Peter
Bent Brigham Hospital, Boston. During the
past year he has been at the Postgraduate
Medical School, London, England.
This year the Gallie Lecture will be de
livered by Dr. J. Englebert Dunphy, Pro
fessor and Chairman of the Department
of Surgery, University of California School
of Medicine.
Six symposia will highlight the morning
sessions. The afternoon programs will fea
ture a total of 18 separate scientific sessions
in sub-specialties of surgery, pediatrics,
clinical neurology, obstetrics and gyne
cology, general medicine, and cardiology.
The annual convocation will be held on
Friday evening beginning at 8.30 p.m. in
the ballroom of the Chateau Laurier. A
total of 327 Fellows will be admitted to
the College at this time.

Each of the 27 chapters is written with pre
cision and clarity and, although brief, each
contains a complete account of most of the
current concepts of diseases of the urinary and
male genital systems. The medical student or
the resident beginning his urologic studies will
find this comprehensive review of renal dis
eases, a useful framework upon which to organ
ize future knowledge. The busy practitioner
may not need to go further in his reading of
genitourinary diseases. A few surgeons, how
ever, may disagree with some of the concepts
of treatment set out in the chapter on trauma.
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BOOK R E V I E W S
(See also pages 121 and 134)
ADVANCES IN BIOM EDICAL COMPUTER
APPLICATIONS. Various authors. Editor-inChief: Edward M. Weyer. Vol. 128, Art. 3.
pp. 721-1116. lllust. Annals of the New York
Academy of Sciences, New York, 1966. $8.00.

Within the last five years, hardly realizing what
we were doing, we have made the high-speed
digital computer essential to the continued
functioning of our complex society. Our trans
portation, banking, electrical pow er and com
munication systems, for example, could not
function at their present effectiveness without
it. In the same way that the whole o f our female
population would have to becom e telephone
operators if the automatic telephone exchange
was abolished, so any o f several industries
would need them as clerks if the digital com
puter disappeared. The myriads o f young ladies
in the large clinical laboratories handling the
data spewing out o f automated laboratory
equipment suggest that the same situation is
arising in one branch of the medical profes
sion.
So far the impact of the computer has hard
ly been felt in clinical medicine. Just where it
will fall is unknown as it was to the indus
trialists 10 years ago. All that we can reason
ably forecast is that, in 20 years, our medical
systems will rely on computers as heavily as
do the banks and airlines at present.
“Advances in Biomedical Computer Appli
cations” is the proceedings o f a conference
held by the New York Academy o f Sciences in
1965. As with all such publications many of
the papers are detailed and advanced. How
ever, the introductory essays by Berkley, Waxman and Brunelle give an excellent and read
able overview o f the field and the remaining
papers are authoritative discussions of special
ized areas. Myers’ paper, “ A Time-Sharing
Multi-Unit Computing System” , foretells the
way in which powerful and vastly expensive
digital computers will becom e available, to the
clinician.
This reviewer must take issue with Carl
Berkley when, in his enjoyable introduction,
he says “the important thing is not the gadget
but the biom edical problem ” . This is the
chicken-and-the-egg controversy. Without the
“ gadget” , the “ problem” often lies beyond
reach. W ithout the microscope, cellular path
ology is outside the universe o f discourse, and
the “ problem” is therefore meaningless. How
ever, professionals in medicine and engineer
ing have becom e hardened to such Athenian
comments from their colleagues in the basic
sciences. I suspect Galileo’s academic confreres
muttered the medieval Latin equivalent of
“ gadget” when he demonstrated the tele
scope.
The computer is a “ gadget” . The logic be
hind it was well defined b y Aristotle and Boole.

Much good it did us until engineers embodied
this logic in the powerful tool o f the digital
computer.
However, the telescope was an aid to astrol
ogy as well as astronomy, and the computer,
too, can amplify conceptual error. So far it
has led to no major medical discovery that
could not have been made without it, but a
great deal of doubtful data has been discharged
into our helpless heads. Waxman’s paper “ Bio
medical Computing 1965”, is the best discus
sion this reviewer has yet encountered of
valid, present and potential uses of the com
puter in medicine, and he rightly emphasizes
its value in research, especially through heur
istic or searching methods, which are impos
sible without it.
W e must accept the computer as the most
powerful “ thinking tool” that exists, an exten
sion of our minds which will enable us to
solve problems hitherto insoluble because of
their size or complexity. This book is of double
value; it presents an accurate picture of the
present situation, and it should stimulate the
clinician to try and answer the question as to
how the computer can be used clinically. It
should be consulted by all involved in clinical
research and teaching, and in the planning of
medical schools and hospitals. The book does
not clear the crystal ball but it makes it less
cloudy.
THE CAUSES AN D NATURAL HISTORY OF
CLEFT LIP AN D PALATE. Cecil M. Drillien,
T. T. S. Ingram and Elsie M. Wilkinson. 288
pp. lllust. E. & S. Livingstone Ltd., Edinburgh
and London; The Macmillan Company of Can
ada Limited, Toronto, 1966. $8.65.

In order to study the natural history o f cleft
lip and palate, the authors traced the families
of 169 out of 172 local patients who were
treated by Edinburgh surgeons over a nineyear period for such deformities. These de
formities were broken down into four groups:
cleft lip, cleft lip with cleft palate, cleft palate,
and cleft palate with hypomandibulosis. All
the families were visited at home and most of
them were examined in hospital. They also had
speech asssessment and intelligence tests.
A fantastic amount of work was done and
the family history o f every conceivable com
plication assessed. For the general reader,
however, the graphs are so complicated and
full of detail as to be nearly incomprehensible.
A good short chapter describes the surgical
procedures used. The complication rate is sur
prising; 55% o f patients seen after a repair of
lip and palate had fistulas, the majority at the
soft-hard palate junction. In the cleft palate
group, the rate dropped to 20%, but the num
ber of short palates is higher. Figures like
these make the assessment of speech results
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Penthrane (methoxyflurane) induction is
rapid in obstetric use. 14 Very low concen
trations (approximately 0.5%) suffice. Such
low Penthrane concentrations give an anal
gesic effect. They relax the perineum, yet
don’t impair progress of labour, nor unduly
depress blood pressure and respiration.
Rarity of vomiting is a particularly striking
feature of Penthrane in obstetrics. 1-5 Inci
dence in typical studies has been under 5%.
An instructive motion picture, “ It's a
Girl!” gives details on obstetric application.
Ask your Abbott man. Or write Abbott, Post
Office Box 6150, Montreal, Quebec.
PRECAUTIONS: Suspected liver disease may
rule out halogenated agents such as Pen
thrane. Use only conservative doses of epin
ephrine, barbiturates, narcotics, tubocurarine, and trimethaphan camphorsulfonate.

A BB OT T LABORATORIES L I MI TE D

Guedel eye signs do not apply. Of most value
in estimating depth of anaesthesia are blood
pressure, respiratory depth, and degree of
muscular relaxation.
Professional literature available on request.

P E N T H R A N E * m ethoxyflurane
I. Hudon, F., Jacques, A., Clavet, M., Houde, J.,
Pelletier, J., and Trahan, M., Symposium on
Methoxyflurane, Can. Anaes. Soc., J., 10:277,
May, 1963, 2. Schubert, F., Keuther, J., Experience
with Methoxyflurane in Obstetrical Anesthesia,
Proc. Third World Cong. Anesth., 2:25, Sept., 1964.
3. Boisvert, M., and Hudon, F., Clinical Evaluation
of Methoxyflurane in Obstetrical Anaesthesia,
Can. Anaes. Soc. J., 9:325, July, 1962. 4. Hudon,
J. , Methoxyflurane, ibid., 8:544, Nov., 1961. 5.
Romagnoli, A., and Korman, D., Methoxyflurane
in Obstetrical Anaes. and Anal., ibid., 9:414,
Sept., 1962.
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Toronto • Winnipeg • Vancouver
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meaningless because a child cannot speak well
until the palate is intact and mobile.
This study amassed valuable information
but, except as a reference for further study, it
is of limited value to the general reader or
plastic surgeon. However, a short review of
the facts giving results of follow-up after
operation would be of the utmost use and
interest.
CLINICAL SURGERY. General Principles and
Breast. Edited by Charles Rob and Rodney
Smith. 580 pp. IUust. Butterworth & Co. (Pub
lishers) Ltd., London; Butterworth & Co. (Can
ada) Ltd., Toronto, 1966. $31.00.

This volume, devoted to “General Principles
and Breast”, is one of 16 that will form a com
panion series to “Operative Surgery” by the
same editors. With one exception, the multiple
authors are from the Commonwealth. Their
contributions follow conventional lines, and
adequate references are given, although these
are predominantly to British literature of the
years immediately before the oublication date,
1964. The volume brings together in a con
venient form much useful material of the sort
that a surgeon, unfamiliar with some aspects
of a procedure, would want to look up. How
ever, these articles are inadequate for the spe
cialist and suffer because no references are
provided later than 1963, and a full review of
the individual subject is not given. In fact one
wonders to whom the volumes are directed,
and the editors’ introduction does not resolve
the question. Their aim is to cover the whole
field of surgery adequately yet they acknowl
edge that, in these essays, individual views
may clash, and that the coverage cannot be
comprehensive. The volumes are too extensive
(and too expensive) for undergraduate stu
dents. The established surgeon will find little
in his own field of which he is not aware, and
in this volume at least, a good critical review of
the current field is not provided. Operative
procedures are not discussed in any detail,
these will appear in companion volumes. In
fact the most obvious use of the volumes would
be for the occasional surgeon, or one straying
out of his own field. General practice clinics
might also find the series of use for reference
regarding investigation and diagnosis of surgi
cal conditions.
These criticisms of the plan of the work
should not, however, be implied as a detraction
of the contents, for these are satisfactory and
the individual authors give a good capsule re
view of their allotted subject. The contents of
this volume cover a wide field. A general re
view of hospital infection, sterilizing tech
niques, and accounts of specific infections are
given, but as an example of the drawback that
these books have, the use of human antitetanic
serum is not mentioned and the dangers of
equine antitetanic serum not stressed. In the
80 pages devoted to surgical physiology, little
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more than a glance is given to aspects of par
ticular interest, such as shock and hemorrhagic
states. There are sections on anesthesia, preand postoperative care, and individual articles
on such esoteric subjects as conjoined twins,
electronic and engineering techniques in clini
cal surgery, and genetics and heredity, and
more common matters such as diabetes, and
ulcers and ulceration. The only specific clini
cal section is on the breast; this suffers because
it was artificially divided into malignant and
non-malignant conditions and treated by separ
ate authors. For example, on one page it states
that duct stasis is the commonest cause of
nipple discharge and six pages later that car
cinoma is the commonest cause.
CLINICAL SURGERY. The Hand. Consultant
Editor: R. G. Pulvertaft. General Editors:
Charles Rob and Rodney Smith. 355 pp. Illust.
Butterworth & Co. (Publishers) Ltd., London;
Butterworth & Co. (Canada) Ltd., Toronto,
1966. $22.00.

This book gathers together the most modern
techniques of hand surgery, used not only in
Britain but throughout the world. Napier’s
excellent chapter “Functional Anatomy” is
complete, but almost too complex for students.
“Congenital Deformities” are always difficult
to classify but here they are discussed ade
quately under etiology and treatment, the use
of syndectomy is particularly well handled.
Pulvertaft, the editor, has written the chapter
on “Fractures”, and emphasizes the advantages
and the increasing use of internal fixation,
using stainless-steel pins, small screws and
intramedullary bone grafts. Although the chap
ter “Repair of Skin, Tendon and Nerve Injur
ies” incorporates all of the modern principles
of repair, those seeking descriptions of actual
techniques will be disappointed by the lack of
illustrations.
Lowden writing on “Hand Infections” deemphasizes the classical extensive incisions
used for drainage, and places antibiotics in
their proper role in the treatment of such in
fections.
Recent interest in the rheumatoid hand is
enhanced by Vaughan-Jackson’s description of
the pathomechanics involved. The indications
and the techniques used in synovectomy, ten
don surgery, capsulotomies, arthroplasty and
arthrodeses are well described. The section on
flexion contractures of the fingers is profusely
illustrated; Clarkson describes the indications
for surgical intervention. The limited fascieetomv and Z-plasty is advocated for Dupuytren’s contracture. Various procedures for treat
ment of the paralyzed hand are fully described
by Brooks and Brand. The latter, renowned
for his studies on leprosy, has introduced manv
innovations for the relief of claw hand and
thumb deformities.
This book is too advanced for undergradu
ate students but beyond that level is highly
recommended.
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BOOK REVIEWS

COMPREHENSIVE BACKGROUND FOR AN
ESTHESIOLOGY. W. Forrest Powell. 346 pp.
Must. Charles C Thomas, Springfield, 111.; The
Ryerson Press, Toronto, 1966. $19.00.

Intended for instructors and residents in anes
thesia, the 53 sections of this book provide a
framework for further discussion and learning.
In each section an attempt has been made to
classify a topic into many smaller subtopics.
Although a logical system of classification is
the key to successful recall for both the in
structor and student, the method has the in
herent disadvantage that to be all embracing,
equal space must be given to essentials, and to
the rare and unimportant detail. The result is
that the common and important facets of a
problem tend to become submerged, and im
portant points of principle lose their emphasis.
In the first 16 sections, and at points else
where in the book, some of the subheadings
are so cryptic as to be meaningless or mislead
ing, unless one already has a clear understand
ing of the subject. In later sections the presen
tation changes to a more narrative style, and
more information is conveyed in less space, and
in a more readable form.
There are 176 references, of which only 7 2
are to original articles; the majority of these
are given to illustrate relatively minor points
in the text. It would have been better to refer
to some of the large number of review articles
that have appeared in the field of anesthesia
in the past 10 years in order to provide stu
dents with good source material for further
study. A satisfactory number of standard text
books are given as references but it is disap
pointing that these references tend to be repeti
tive; more than half are drawn from seven
standard texts of physiology, pharmacology
and biochemistry.
There are relatively few spelling errors, al
though errors in authors’ names may offend
some. However, the siting of many of the
figures in relation to the text could have been
improved, and one of the diagrams on page
138 does not show what the text says it does.
On the whole, the author has succeeded in
his object of providing a background to the
subject in a highly compressed form. Within
the limits of its synoptic style, it should serve
as a useful guide to revision for residents in
anesthesia, who have already received most
of their training.
GYNAECOLOGY. J. M. Holmes. 228 pp. Must.
Bailliere, Tindall and Cassell, Ltd., London;
The Macmillan Company of Canada Limited,
Toronto, 1966. $3.25.

In his preface to this small volume on gyne
cology the author points out that he is at
tempting to present principles rather than a
concise, detailed account of the entire field.
He points out that the student’s attempts to
acquire facts may keep him from grasping the
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necessary principles on which the practice is
based.
One would assume from this that the author
has aimed his book at the student of gyne
cology and has not attempted to produce a
volume for specialists or for practising physi
cians. The details given are not sufficient for
a postgraduate trainee or a practising special
ist. The discussions are far too brief. In fact
it is difficult to decide who would benefit from
such a textbook. As a general gynecological
text it is too brief to be of much value. As a
pathology text it is also too brief and some
of the treatments outlined are inaccurate in
terms of therapy currently used in Canada.
For example, under carcinoma in situ of the
cervix, the author states that, in multipara
over 4 0 years of age, total abdominal hyster
ectomy is the treatment of choice and, in the
younger woman, amputation of the cervix or
diathermy coagulation may be indicated. This
is totally at variance with the practice in this
country and in the United States. Th e treat
ment of choice for cervical carcinoma in situ
is total hysterectomy no matter what the pa
tient’s age. Occasionally, in the young patient
where the lesion has been totally removed by
cone biopsy, hysterectomy is deferred and the
patient is allowed to have children if she is
followed closely. Amputation of the cervix is
not a treatment for carcinoma in situ of the
cervix in this country or in any of the major
centres, and diathermy coagulation is not a
treatment of any genital carcinoma.
In conclusion, this book is of limited value
to the practising physician and of no value to
students or to the practising gynecologist.
HYPERBARIC OXYGENATION. Proceedings of
the Second International Congress, Glasgow—
September 1964. Edited by Tain McA. Ledingham. 472 pp. Must. E. & S. Livingstone Ltd.,
Edinburgh and London; The Macmillan Com
pany of Canada Limited, Toronto, 1986. $12.50.

This volume contains the proceedings of the
Second International Congress on hyperbaric
oxygenation held in Glasgow in September
1964; as such, it is definitive. It includes
papers by pioneers in the field and it should
be in the possession of anyone proposing to
study or employ these techniques.
The volume is well put together, has excel
lent illustrations and there are well-ordered
discussions that give the volume its unique and
historic quality.
The volume is an essential addition to the
library of every academic institution, and all
students and investigators in the field should
be familiar with it.
NEURO-CHIRURGIE INFANTILE. Marc-Richard
Klein. 456 pp. Must. Editions Doin-Deren &
Cie, Paris, 1966. 98 F . $21.60 (approx.). Paperbound.
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This monograph is apparently the first one in
French covering the whole held of pediatric
neurosurgery. Each chapter is well presented
both from the clinical aspect and that of
surgical treatment. The author gives a comprenensive account with his personal views in
each section. Although no original surgical
contribution is proposed, the author has made
a constant effort to evaluate the psychological
and developmental consequences of neurologi
cal disorders to the child.
A serious omission is pertinent references to
the literature, and there is no bibliography.
OBSTETRICS. 11th ed. Edited by Stanley G.
Clayton, Donald Fraser and T. L. T. Lewis.
744 pp. Illust. Edward Arnold (Publishers) Ltd.,
London; The Macmillan Company of Canada
Limited, Toronto, 1966. $1L75.

This is the 11th edition of this well-known
text. Ten distinguished British gynecologists
have described the practice of midwifery, for
this is the content of the book despite the
change in title to “Obstetrics”. The style and
syntax is excellent as we have come to expect
in medical books from Great Britain and, if
anything, the organization is too well done.
However, style is one thing and content an
other.
When one is confined to 707 medium-sized
pages, a decision must be made as to approach.
Either one attempts to introduce medical stu

dents to the clinical application of a science
with an adequate survey of fresh knowledge
or one tailors the objective to meet the needs
of those in postgraduate life who may require
a more practical treatise. This book accom
plishes neither aim very well. The absence of
ref erences is an unflattering commentary on the
imagination and intellectual curiosity of the
average medical student in the United King
dom. in 1966, this suegests astonishing authori
tarian arrogance, motivated perhaps by a mis
directed zeal to keep everything simple for the
student.
This reviewer views both obstetrics and
gynecology as the clinical extensions of the
biology of reproduction, a view evidently not
shared by the contributors to this book. In
deed, one gets the impression that they in
cluded advances in basic scientific knowledge
under constraint rather than out of interest.
It would have been better, for example, to
have omitted entirely the sparse undocumented
expositions on the endocrinology of menstrua
tion and early pregnancy. Contrary to the
statement on page 13, there is a solid suspicion
that granulosa cells do not produce estrogens
at all. One of the cornerstones of British physi
ology is the contribution to our knowledge of
the fetal circulation made by men of the calibre
of Barcroft, Huggett and Geoffrey Dawes.
One of the prominent controversies surround
ing the fetal circulation is the apparent lack
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of mixing of bloodstreams in the heart, pro
ducing important differences in the regional
oxygenation of the fetus. Central to this argu
ment is the site o f the foramen ovale, and the
fact that senior examiners can continue to
perpetuate the myth it lies between the
two atria of the fetal heart, 22 years after their
countrymen Barclay, Franklin and Prichard
showed conclusively that it does not, is almost
incredible. Furthermore, the seven pages on
the fetus (contrasted with 11 on destructive
operations) allow that torsion plays some role
in the closure of the ductus arteriosus and
make no reference whatsoever to the wellestablished part played by the systemic arterial
chemoreceptors in the initiation of respiration
at birth. There is no mention of the fetal role
in the conjugation o f placental estrogens and
no good proof exists for the statement that
uterine blood flow diminishes after term.
The parts of the book on purely clinical
matters are adequate. Illustrations are gener
ally of good quality and the inclusion o f clin
ical charts depicting the natural course of
various postpartum febrile complications sup
plies a need not often met in North American
texts. The radiological view o f the pelvic outlet
on page 425 has unfortunately been printed
upside down.
The sections on management and diagnosis
of standard obstetric complications are, in the
main, well handled. British clinicians seem al
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ways to deny the existence of m idpelvic dysto
cia and the North American reader will quick
ly contest the statement that the fetal head
encounters its only true trial o f labour at the
pelvic brim. iMost obstetricians would disagree
that craniotomy is the only alternative to for
ceps delivery in a case of deep transverse
arrest of a dead baby.
This reviewer cannot recomm end this book
for use b y Canadian medical students at any
stage o f their training.
L ’OSTEOCHONDROSE SYN O VIALE O STEO CH ON D ROM ATO SE D ’H EN D E R SO N . M . de
Pontville, C. Perreau, F. Cabanne et G. Piganiol. 132 pp. Illust. Masson & Cie, Paris, 1966.
34 F. $7.50 (approx.). Paperbound.

Cette courte monographic est le fruit de la
collaboration de quatre specialistes differents:
un radiologue, un anatomo-pathologiste, un
rhumatologue et un chirurgien, qui discutent
chacun leur point de vue respectif.
Un des merites principaux de ce travail est
d’exposer et d’etudier en grand detail une
pathologie sur laquelle la litterature clinique
n’est pas habituellement considerable. Se basant sur la litterature europeenne surtout, les
auteurs offrent d’abord line etude des caracteres generaux de la lesion, avec leurs propres
statistiques a 1’appui, puis passent a une des
cription clinique des plus detailee. L etu d e
radiologique de la lesion parait tres utile et fait
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etat d’un grand nombre de radiographies interessantes.
L’aspect anatomo-pathologique ne bouleverse aucune des notions etablies mais offre
aussi d’excellentes coupes histologiques. On
peut cependant regretter l’absence dune etude
macroscopique illustree, potentiellement tres
utile pour le chirurgien qui doit occasionnellement ouvrir un genou.
Le chapitre sur l’histogenese et pathogenie
fait une revue des diverses theories mises de
l’avant pour expliquer cette maladie et conclut
en faveur de la metaplasie qui est d’ailleurs
l’hypothese la plus largement acceptee.
II y a une frequente mise en parallele de
Fosteochondromatose avec Fosteochondrite
dissequante bien que, dans notre experience,
la confusion ne nous semble que rarement pos
sible.
Les traitements proposes nous semblent pen
sujets a eontroverse; pour etre complets, sans
doute, les auteurs parlent d’abord de proce
dures medicales et physiques plutdt palliatives,
telles les anti-inflammatoires systemiques et
locaux, les ultra-sons etc.
Le traitement chirurgical, plus detaille, re
pose sur la synovectomie et expose ses indica
tions, quelques considerations individuelles
sur les problemes particuliers de chaque arti
culation ainsi que quelques procedures peroperatoires utiles.
L a discussion des indications favorise une
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attitude conservatrice, non chirurgieale, dans
les cas peu avances, a l’encontre de beaucoup
d’auteurs pour qui la presence de souris articulaires est ipso facto une indication d’arthrotomie. Enfin, Futilisation de la radiotherapie
pour “stabiliser
les phenomenes
arthrosiques secondaires” nous semble d’indication douteuse.
Somme toute, une monographie qui disseque
bien le probleme de Fosteochondrose synoviale
sans y apporter de lumiere vraiment nouvelle.
REPRODUCTIVE PHYSIOLOGY OF THE POST
PARTUM PERIOD. Albert Shamian. 125 pp.
Illust. E. & S. Livingstone Ltd., Edinburgh and
London; The Macmillan Company of Canada
Limited, Toronto, 1966. $4.50.

This concise, well-illustrated 125-page book is
a useful addition to the obstetrical literature.
Over half the book is devoted to histological
studies. A comprehensive review of previous
morphological investigations precedes the
author’s careful descriptions of the endometri
um sampled in representative cases from the
second to 60th postpartum day. A short chap
ter is devoted to the significance of “infiltra
tions”. The author contends that the so-called
“endometritis” seen in the reparative days of
the puerperium is not infective, but is part of
a physiological restorative process. The con
cluding chapters are devoted to the author’s
personal studies relating to the time of the
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return of ovulation after full-term pregnancy,
abortion, and ectopic pregnancy. Useful data
concerning the return of menstruation in lactating and non-lactating women are provided.
Because much of the material contained in
this book is missing from standard obstetrical
texts, it represents a valuable reference source
for the gynecological pathologist and the ob 
stetrician.
RETINAL DISEASES. Symposium on D ifferen
tial Diagnostic Problems of Posterior Uveitis.
Edited by Samuel J. Kimura and Wayne M.
Caygill. 395 pp. Must. Lea & Febiger, Phila
delphia; The Macmillan Company of Canada
Limited, Toronto, 1966. $13.75.

This book is the edited transcription o f a re
cent symposium held in San Francisco to dis
cuss the problems assocated with the differen
tial diagnosis of posterior uveitis. In addition
to seven host University of California ophthal
mologists, 11 prominent American ophthalmol
ogists took part. Although the title suggests
that the book would interest those concerned
only with differential diagnosis of posterior
uveitis, the material in it is so extensive that
almost all of the diagnostic and therapeutic
problems associated with the posterior globe are
covered. The only major area not covered is
the vasculopathies.
Each chapter is a complete presentation o f

a topic (e.g. senile macular degeneration, cen
tral serous retinopathy, malignant melanoma)
and is follow ed by a comprehensive discussion
from members of the panel and audience. The
material is well presented, well illustrated and
includes much new material not readily avail
able in other texts. Such topics as lattice de
generation, retinoschisis, paving-stone degen
eration, for example, are considered in depth.
A description is given o f each subject, follow ed
by a clinical course, genetic background, path
ology and management, concluding with a
summation and discussion.
This book is a valuable addition to medical
and ophthalmological libraries and, indeed,
many ophthalmologists will want this book for
their own use.
SYNDROMES OF D ISSEM IN ATED IN TR A 
VASCULAR COAGULATION .
Robert
M.
Hardaway, III. 466 pp. Must. Charles C
Thomas, Springfield, 111.; The Ryerson Press,
Toronto, 1966. $21.00.

In this volume, Colonel Hardaway has drawn
together the results o f his extensive research
on blood sludging and coagulation in circula
tory failure. The volume should be read b y all
those who desire a basic understanding o f the
consequences of shock, and severe disease in
general.
It is questionable, however, whether this
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book is of particular value to the practising
physician or surgeon, because the therapeutic
implications o f the information it contains are
not clear.
Much of the data is based upon experiments
where a grossly unnatural form of injury, such
as incompatible blood transfusion or intra
venous injections o f thrombin, has been in
flicted on the experimental animal. N o one
will read the volum e without appreciating the
damage that is done to the vessels by clotting,
but the dangers o f extensive thrombosis have
been appreciated for many years.
Many who are familiar with the pathological
sequences in shock, will not agree entirely
with the inferences that Colonel Hardaway
draws from his data. Nevertheless, the volume
is interesting and provocative; it raises more
questions than it answers, and as such makes
its own contribution to the tangled skein of
relationships that exist between shock and
hematology.

THROM BOHEM ORRHAGIC
PHENOMENA.
Hans Selye. 337 pp. Charles C Thomas, Springfield, 111.; The Ryerson Press, Toronto, 1966.
$23.50.

The m onograph ‘Thrombohemorrhagic Phe
nomena” by Hans Selye is difficult to sum
marize because it is mainly a compilation of the
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summaries of some 1300 selected publications
on the topic. The title may mislead if it is not
read carefully. The papers selected for sum
mary have little to do with either thrombosis
or hemorrhage per se. Few papers have been
selected b y leading figures in the field of blood
coagulation and clinical thrombosis. The
monograph deals with thrombohemorrhagic
lesions o f small blood vessels resulting from
bacterial products, plasma transfusion reac
tions, breakdown products of proteolytic ac
tivity, snake venoms, drugs, hormones, and so
on. One o f the irritating features of the writing
is the excessive use of initials such as SSP-L,
SSP-G, BCG, THP, THP-G, and the introduc
tion o f many unusual words (e.g. pluricausal).
In many instances, it makes the text almost in
comprehensible. The author also has a mania
for coining names. An incredible number of
phenomena, reactions and syndromes have
been christened here for the first time. In my
opinion, this monograph is not a book to be
read in the ordinary way, and obviously the
author did not intend it to serve this purpose.
It will, however, b e very valuable as a refer
ence source for both the beginner and the ex
pert, the basic scientist and the clinician, in
this broad pathophysiological area. The ab
stracts are arranged, with comments, in an or
ganized manner. This reviewer recommends it
highly for this purpose.
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Books Received
Books are acknowledged as received, but
in some cases reviews will also be pub
lished.
The Causes and Natural History of Cleft Lip
and Palate. Cecil M. Drillien, T. T. S. Ingram and
Elsie M. Wilkinson. 288 pp. Illust. E. & S. Living
stone Ltd., Edinburgh and London; The Macmil
lan Company of Canada Limited, Toronto, 1966.
$8.65.
Cellular Concepts in Rheumatoid Arthritis. Hol
brook Memorial Symposium. Edited by C. A. L.
Stephens, Jr. and A. B. Stanfield. 212 pp. Illust.
Charles C Thomas, Springfield, 111.; The Ryerson
Press, Toronto, 1966. $17.75.
Clinical Surgery. Ear, Nose and Throat. Consul
tant Editor: Maxwell Ellis. General Editors:
Charles Rob and Rodney Smith. 283 pp. Illust.
Butterworth & Co. (Publishers) Ltd., London;
Butterworth & Co. (Canada) Ltd., Toronto, 1966.
$18.00.
Clinical Surgery. The Eye. Consultant
Sir Stewart Duke-Elder. General Editors:
Rob and Rodney Smith. 365 pp. Illust.
worth & Co. (Publishers) Ltd., London;
worth & Co. (Canada) Ltd., Toronto, 1966.

Editor:
Charles
Butter
Butter
$22.00.

A Course in Renal Diseases. Geoffrey M. Berlyne. 400 pp. Illust. Blackwell Scientific Publica
tions, Oxford; The Ryerson Press, Toronto, 1966.
$8.25.

Endocrine Surgery in Human Cancers. 2nd ed.
Paul Juret. 412 pp. Illust. Charles C Thomas,
Springfield, 111.; The Ryerson Press, Toronto, 1966.
$18.50.
Etiology of Urinary Calculi. L. B. Joshi. 113
pp. Dr. L. B. Joshi, Joshi Hospital, 778 Shivaji
Nagar, Poona 4, India, 1966. Rs. 25. $7.70 (ap
prox.).
Eye Surgery. 4th ed. H. B. Stallard. 951 pp.
Illust. John Wright & Sons Ltd., Bristol; The
Macmillan Company of Canada Limited, Toronto,
1966. $22.75.
Foundations of Thoracic Surgery. F. Ronald
Edwards. 180 pp. Illust. E. & S. Livingstone Ltd.,
Edinburgh and London; The Macmillan Company
of Canada Limited, Toronto, 1966. $9.00.
Fundamentals of General Surgery. 3rd ed. John
A. Gius. 818 pp. Illust. Year Book Medical Pub
lishers Inc., Chicago, 111., 1966. $15.35.
A Handbook of Surgical Diathermy. J. P. Mit
chell and G. N. Lumb. 86 pp. Illust. John Wright
& Sons Ltd., Bristol; The Macmillan Company of
Canada Limited, Toronto, 1966. $6.75.
Kompendium der Pra- und Postoperativen
Therapie. Th.-O. Lindenschmidt and E. Carstensen. 449 pp. Illust. Intercontinental Medical Book
Corp., New York; Georg Thieme Verlag, Stuttgart,
West Germany, 1966. DM 49.00. $13.30 (approx.).
Medical Practice in Modern England. The Im 
pact of Specialization and State Medicine. Rose
mary Stevens. 401 pp. Yale University Press, New
Haven and London; McGill University Press,
Montreal, 1966. $10.00.
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Hufnagel, Charles A., Zellos, S., and
Gillespie, J. F„ Comparative Studies of the
Effect of Methods of Sterilization on the
Absorption of Chromic Catgut. Amer. J. Surg.
vol. 109, no. 4, pp. 424-426, April 1965
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keystone in the management
of septic shock
“From the pathologic physiology and our
results, it is our belief that hydrocorti
sone is the most important agent in the
treatment of septic shock. We feel that
the reason equivocal results have been
demonstrated by others is that inade
quate quantities have been adminis
tered. It is an all or none proposition;
either hydrocortisone should be used
pharmacologically or it should not be
used at all. The single error is not to
give enough.”
M adsen, P. R., and T ie ch e , H. L.:: Obstet. & G yn e c .,
20:56-61 (J u ly ) 1962.
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Modern Trends in Surgery. Second Series. Ed
ited by W . T. Irvine. 383 pp. Illust. Butterworth
& Co. (Publishers) Ltd., London; Butterworth &
Co. (Canada) Ltd., Toronto, 1986. $19.25.
Organ Transplantation. Felix Largiadere and
others. 220 pp. Illust. Intercontinental Medical
Book Corp., New York; Georg Thieme Verlag,
Stuttgart, West Germany, 1966. DM 49.00. $13.30
(approx.).

Available in Mix-O-Vials containing:
Hydrocortisone (as hydrocortisone sodium
succinate)..... 100 mg., 250 mg., or 500 mg.
Dosage: Adults- I n medical emergencies
the initial dose is 100 mg. to 500 mg., de
pending on the severity of the condition,
administered intravenously over a period
of at least thirty seconds. This dose may
be repeated at intervals of one, three, six
and ten hours, as indicated by the pa
tient’s response and clin ica l condition. In
the critically ill, particularly in elderly pa
tients with shock due to endotoxins or
overwhelming infection, it has been rec
ommended that a dose of 1 gram or more
be administered intravenously, immediate
ly, followed by a dose of 500 mg. every 4 to
8 hours for three to five days if neces
sary.13 Solu-Cortef may also be adminis
tered intramuscularly or by intravenous
infusion. Infants and Children -W h ile the
dose may be reduced for infants and c h il
dren, it is governed more by the severity
of the condition and response of the pa
tient than by age or body weight.
Cautions: The general precautions and
contraindications to systemic corticoste
roid therapy apply to the use of Solu-Cortef.
However, when used for medical emergen
cies, or in shock-like states, the possible
life-saving effects must be weighed against
the possible undesired hormonal effects.
Detailed information available on request.
1. T h a i, A . P ., a n d W ils o n , R . F .: C u r re n t P r o b le m s in S u r 
g e ry , p. 46 (S e p t.) 1965. 2. L il le h e i , R . C . , e t a l.: A n n .
S u r g ., 160:682 -71 0 (O c t.) 1964.
3 . S a m b h i, M . P ., e t a l. :
I n te r n a tl. A n e s th e s io l. C l in . , 2 :4 2 1 -4 2 3 ( F e b .) 1964.

Peripheral Arterial Disease. Wiley F. Barker.
Vol. 4 of Major Problems in Clinical Surgery.
Consulting Editor: J. Englebert Dunphy. 229 pp.
Illust. W . B. Saunders Co., Philadelphia; McAinsh
& Co. Ltd., Toronto and Vancouver, 1986. $9.20.
Postoperative Craniotomy Infections. R. Lewis
Wright. 166 pp. Illust. Charles C Thomas, Springfield, 111.; The Ryerson Press, Toronto, 1966.
$10.25.
Principles of Anesthesiology. Vincent J. Collins.
1175 pp. Illust. Lea & Febiger, Philadelphia; The
Macmillan Company o f Canada Limited, Toronto,
1966. $38.50.
Reproductive Physiology of the Post-Partum
Period. Albert Sharman. 127 pp. Illust. E. & S.
Livingstone Ltd., Edinburgh and London; The
Macmillan Company o f Canada Limited, Toronto,
1966. $4.50.
The Spontaneous Regression of Cancer. William
Boyd. 99 pp. Illust. Charles C Thomas, Springfield,
111.; The Ryerson Press, Toronto, 1966. $7.00.
Surgery in the Aged. Seventy-Five Years of Age
and Over. William F. Mitty, Jr. 110 pp. Charles
C Thomas, Springfield, 111.; The Ryerson Press,
Toronto, 1966. $7.00.
Surgery of the Stomach and Duodenum. Revised
4th ed. Claude E. W elch. 408 pp. Illust. Year
Book Medical Publishers Inc., Chicago, 111., 1966.
$11.55.
A Synopsis of Cancer. Genesis and Biology.
W ilfred Kark. 280 op. John Wright & Sons Ltd.,
Bristol; The Macmillan Company of Canada Lim
ited, Toronto, 1986. $7.50.
Textbook of Operative Surgery. 3rd ed. Eric L.
Farquharson. 951 pp. Illust. E. & S. Livingstone
Ltd., Edinburgh and London; The Macmillan
Company of Canada Limited, Toronto, 1966.
$22.75. '
Three G ynecologic Surgical Techniques. Radi
cal Hysterectomy for Cancer of the Cervix, M yo
mectomy, Operation o f Stress Incontinence. N. C.
Louros. 64 pp. Illust. Charles C Thomas, Springfield. Ill; The Ryerson Press, Toronto, 1966.
$5.75.
W ound Healing. A Symposium Based Upon the
Lister Centenary Scientific Meeting Held in Glas
gow. September 1965. Edited by Sir Charles Illing
worth. 289 pp. Illust. J. & A. Churchill Ltd.,
London; Queenswood House Limited, Toronto,
1966. $12.50.
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LA VAGOTOM IE DANS L ’ULCERE GASTRO
DUODENAL-JEJUNAL. A. G. Weiss. L. F.
Hollender et al. Colloque a Strasbourg, France,
mai 1964. 430 pp. Illust. Expansion Scientifique Frangaise, Paris, 1966. 11.3 F. $25.00
(approx.). Paperbound.

Ce volume sous le title de “La vagotomie dans
Fulcere gastro-duodeno-jejunal”, publie a
1’occasion du colloque de Strasbourg en 1964,
fait un tour d’horizon complet en ce qui concerne la vagotomie sous ses aspects divers:
experimentaux, physiologiques, anatomiques
et chirurgicaux. Apres un historique rapide,
cet ouvrage developpe une etude tres detaillee
de la physiologie gastrique; et par consequent
Findication et la contre-indication de la vago
tomie, la technique de cette operation, les resultats acquis et enfin les complications de cette
intervention.
Nous assistons a revolution de Fetude experimentale du oneumogastrique depuis Ben
jamin Brodie qui avait remarque une secretion
massive du sue gastrique ehez le chien sacrifie
apres injection d’arsenic, jusqu’a Dragstedt et
Harkins qui font rentier la vagotomie d’une
fagon definitive dans le traitement de l’ulcere
gastro-duodenal.
Le pneumogastrique interviendra dans la
secretion du sue gastrique de trois manieres
differentes: en stimulant les cellules parietales;
par liberation de la gastrine par les cellules
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antrales; par stimulation des cellules parietales
a Faction de la gastrine, et la contre-epreuve
de cette etude est donnee par la modification
de la secretion gastrique avec la section du
pneumogastrique.
Dragstedt, le pionnier de cette intervention,
en se basant sur des etudes physiologiques,
insiste de fayou magistrale, et ceci malgre la
mefiance des auteurs europeens, sur l’indica
tion de la vagotomie associee a une interven
tion de drainage dans Fulcere gastro-duodenal.
Cette operation, dit-il, amene surement la
guerison du mal. Les seuls echecs sont dus:
(1) A un mauvais drainage qui occasionne
une stase dans la region antrale. (2) A une
section incomplete du vague. (3) A une hyper
secretion par suite d ’une tumeur ulcerogene
de tvpe Zollinger-Ellison.
Aores des statistiques tres encourageantes
rapportees par les auteurs americains et euro
peens, ce volume enumere les quelques com
plications minimes de cette intervention: Les
dysphagies post-operatoires dues a Foedeme
de la derniere portion de Foesophage, les hemorragies dues a des fautes de technique, et
enfin les diarrhees qui finissent par disparaitre.
En somme, malgre la reticence de certains
auteurs, la vagotomie avec une operation de
drainage reste une intervention de choix dans
la plupart des ulceres gastro-duodenaux.

FORTHCOMING MEETING
A N N U A L C O M B IN E D SE C TIO N A L
M E E T IN G O F TH E A M E R IC A N
C O L L E G E O F SURGEONS,
FEB R U A R Y 27 - M A R C H 2, 1967
D octors and graduate nurses are invited
to the annual com bined Sectional Meeting
of the American C ollege of Surgeons in
N ew York February 27 through March 2,
1967. This is the C ollege’s only four-day
m eeting in 1967.
This meeting is similar to the C ollege’s
annual Clinical Congress. Discussions for
nurses will include those on internal car
diac pacemakers, trends in open-heart
surgery, reconstructive surgery, surgical
instruments, middle-ear surgery, inter
departmental liaison, neurosurgical teams,
ophthalm ological patients, and surgical
technicians.
Nurses and Fellows o f the C ollege pay
no registration fee; non-Fellows pay
$25.00.
H otel reservations forms are available
from Mr. T. E. McGinnis, American C ol
lege o f Surgeons, 55 East Erie Street,
C hicago. 111. 60611.

UNIVERSITY OF TORONTO
Faculty of Medicine
DIVISION OF
POSTGRADUATE MEDICAL EDUCATION

SURGERY
FOR SPECIALISTS
February 6th-8th, 1967

FEE -

$60.00

This course now in its seventh year is being
arranged by the general surgical staff of the
Toronto General Hospital. It is directed to
the interests o f general surgeons. Dr. Frank
Mills will be course director.
Further information may be obtained from
The Director, Division of Postgraduate
Medical Education, Faculty of Medicine,
University o f Toronto, 174 St. George St.,
Toronto 5.

